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฀T฀h฀e฀ ฀p฀i฀o฀n฀e฀e฀r฀i฀n฀g฀ f f o r t฀s฀ ฀o f฀ ฀T s o u฀n฀t฀a฀s฀ ฀(฀1฀9฀0฀8฀)฀,฀ W a c฀e฀ a n d฀ T฀h฀o฀m฀p฀s฀o฀n
฀(฀1฀9฀1฀2฀)฀ a n d฀M y฀l฀o฀n฀a฀s฀ ฀(฀1฀9฀2฀8฀)฀,฀ a n d฀ ฀l฀a t฀e฀r฀ s฀e฀m฀i฀n฀a฀l฀ w฀o฀r k฀ b฀y  ฀M฀i฀l฀o฀j฀.c i฀Ic฀ 
฀(฀1฀9฀5฀9฀)฀,฀ T h e฀o฀c฀h฀a฀r฀i฀s฀ ฀( 1 9 6฀7฀,฀ 1 9 7 3฀)฀,฀ C฀h o u฀r฀m฀o฀u฀z฀i฀a฀d฀i฀s฀ (฀1฀9฀7 1 ,฀ 1 9 7 9 ) ,฀ 
฀G฀a฀l฀l฀i฀s฀ ฀(฀1 9 9฀2฀)฀,฀ K o t s฀a฀k฀i฀s฀ (฀1฀9฀8฀3฀)฀ a n d฀H a฀l฀s฀t฀e฀a฀d฀ ฀(฀1฀9฀8฀1฀,฀ 1 9 8 4฀)฀ ฀h฀a฀v฀e฀ 
฀b฀r฀o฀u฀g฀h฀t฀ ฀T฀h฀e฀s฀s฀a฀l฀y฀ t฀o฀ t฀h e฀f฀o฀r฀e฀ i n฀N฀e฀o฀l฀i฀t฀h฀i฀c฀ ฀r฀e s e a r฀c฀h฀ i฀n฀ G฀r e e฀c฀e฀ 
฀(฀A฀n฀d฀r฀e฀o฀u฀ ฀e฀t฀ a l฀. ,  ฀1฀9฀9฀6฀)฀ a n d฀ ฀h a฀v฀e฀ ฀s฀e฀t฀ t h e฀ ฀a฀g฀e n฀d฀a฀ ฀f฀o฀r฀ n e w฀ e฀x฀c฀a฀v฀a฀t฀i฀o฀n฀s฀,฀ 
฀s฀u฀r฀f฀a฀c฀e฀ ฀s฀u฀r฀v฀e฀y฀s฀,฀ a฀n฀a฀l฀y฀s฀i฀s฀ o฀f฀ o l d  ฀e฀x฀c฀a฀v฀a฀t฀i฀o฀n฀ ฀d฀a฀t฀a฀ a n d  r฀i฀g฀o฀r฀o฀u฀s฀ 
฀t฀h฀e฀o฀r฀e฀t฀i฀c฀a฀l฀ ฀d฀i฀s฀c฀o฀u฀r฀s฀e฀.
฀T฀h฀e฀s฀s฀a฀l฀y฀ ฀f฀o฀r m฀s฀ ฀a  c l o฀s฀e฀d฀ ฀g฀e฀o฀m฀o฀r฀p฀h฀o฀l฀o฀g฀i฀c฀a฀l฀ ฀e฀n v i r o n m฀e฀n฀t฀,฀ b o u n -
฀d฀e฀d฀ ฀b฀y฀ m฀o฀u฀n฀t฀a฀i฀n฀ ฀r a฀n฀g฀e฀s฀ a n d  d฀r฀a฀i฀n฀e฀d฀ b฀y฀ t h฀e฀ r฀i฀v฀e฀r฀ ฀P฀i n฀e฀i฀o฀s฀ a n฀d฀ i฀t s฀ 
t r฀i฀b฀u฀t฀a฀r฀i฀e฀s฀.฀ ฀T฀o฀ t h฀e  i n฀t e r฀i฀o฀r฀,฀ ฀M i฀d฀d l฀e฀ ฀P฀l฀e฀i฀s฀t฀o฀c฀e฀n฀e฀ ฀t฀e฀c฀t฀o฀n฀i฀s฀m฀ c r฀e a t฀e฀d฀ t w o  
฀l฀a฀r฀g฀e฀ ฀b฀a฀s฀i฀n฀s฀,฀ t฀h฀e  ฀L฀a฀r฀i฀s฀s฀a฀ t o  t h e฀e฀a฀s฀t฀ ฀a฀n d฀ ฀t฀h฀e฀ K฀a฀r฀d฀i฀t฀s฀a฀-฀T฀r฀i฀k฀a฀l฀a฀ ฀t o  t h e  
฀w e s฀t฀ ( H i฀g฀g฀i฀n฀s฀ ฀a฀n d  ฀H฀i฀g฀g฀i฀n฀s฀,฀ ฀1฀9฀9฀6 )(F฀i฀g฀.฀ 1 ) .฀ ฀T h฀e฀s฀e฀ ฀b฀a฀s฀i฀n฀s฀ ฀w e r e฀ 
s u฀b฀s฀e฀q฀u฀e฀n฀t฀l฀y฀ ﬁ฀l฀l฀e฀d฀ w฀i฀t h฀ a l l u v฀i฀a฀l฀ ฀d฀e p฀o฀s฀i฀t฀s฀ ( D e฀m฀i฀t฀r฀a฀c฀k฀,฀ 1฀9฀8฀6฀)฀ a n d  ฀t o d฀a฀y฀ 
t h e฀y฀ f o r฀m฀ t h e฀ ฀l฀a฀r฀g฀e฀s฀t฀ a n d  ฀a฀m฀o฀n฀g฀ ฀t฀h฀e฀ m o฀s฀t฀ p r o฀d฀u฀c฀t฀i฀v฀e฀ a g r i c u l฀t฀u฀r฀a฀l฀ 
l a n d s  i฀n฀ ฀G฀r฀e฀e฀c฀e฀.
A r c฀h฀a฀e฀o฀l฀o฀g฀i฀c฀a฀l฀ a n d  g e o฀m฀o r฀p฀h฀o฀l฀o฀g฀i฀c฀a฀l฀ ฀r฀e฀s฀e฀a฀r c h  f฀o฀c฀u฀s e฀d฀ ฀o฀n฀ 
฀e฀a฀s฀t฀e฀r฀n฀ ฀T฀h฀e฀s฀s฀a฀l฀y฀,฀ w h e฀r฀e฀a฀s฀ w฀e฀s฀t฀e฀r฀n฀ T฀h฀e฀s฀s฀a฀l฀y฀ ฀r฀e฀c e i฀v฀e฀d฀ ฀m฀u฀c฀h฀ 
฀l฀e฀s฀s฀ ฀a฀r฀c฀h฀a฀e฀o฀l฀o฀g฀i฀c฀a฀l฀ a n฀d฀ p a฀l฀a฀e฀o฀e฀n฀v฀i฀r฀o฀n฀m฀e฀n฀t฀a฀l฀ ฀a฀t฀t฀e฀n฀t i฀o฀n  ฀( s e  
฀A฀n฀d฀r฀e฀o฀u฀ ฀e฀t฀ a฀l฀. ,฀ 1 9 9฀6฀ ฀f o r฀ ฀a฀d฀d฀i฀t฀i฀o฀n฀a฀l฀ r e฀f e r e฀n฀c฀e฀s฀)฀.฀ T฀h฀i s  i ฀c฀l e a฀r฀l฀y฀ 
฀d฀e฀m฀o฀n฀s฀t฀r฀a฀t฀e฀d฀ ฀b y  t h฀e฀ I G฀E฀A฀N฀ ( 2฀0฀1฀5฀)฀ N e o l฀i฀t฀h฀i฀c฀ ฀a฀r c฀h a e฀o฀l฀o฀g฀i฀c฀a฀l฀ ฀s฀i฀t฀e฀ 
฀i฀n฀v฀e฀n฀t฀o฀r฀y฀ ฀t฀h฀a฀t฀ ฀r฀e฀p฀o฀r฀t฀s฀ ฀3 4 2  ฀d฀o฀c฀u m e฀n฀t฀e฀d฀ ฀N฀e฀o฀l฀i t h฀i฀c฀ t e฀l฀l - l i฀k฀e฀ s฀i฀t฀e฀s฀,฀ o f  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฀w฀h฀i฀c฀h฀ ฀2฀8฀8฀ ฀a฀r฀e฀ ฀l฀o฀c฀a฀t฀e฀d฀ ฀i n฀ ฀e a฀s฀t฀e฀r฀n฀ a n d฀ 5 5  i฀n฀ w฀e s฀t฀e฀r฀n฀ T h e฀s฀s฀a฀l฀y฀.฀ I฀t฀ i s  
฀o฀f฀t฀e฀n฀ ฀t฀h฀o฀u฀g฀h฀t฀ ฀t h at฀h e฀ ฀s฀t฀r฀i฀k฀i฀n฀g฀ ฀s฀c฀a฀r฀c฀i฀t฀y฀ o f  p฀r฀e฀h฀i฀s฀t฀o฀r฀i฀c฀ p฀r฀e฀s฀e n c฀e฀ ฀i n฀ 
฀W฀e฀s฀t฀e฀r฀n฀ T฀h฀e฀s฀s฀a฀l฀y฀ ฀i s  ฀d฀u฀e฀ t o฀t h฀e฀ ฀“฀h฀o฀s฀t฀i฀l฀e฀”฀ ฀p฀h฀y s i o฀g฀r฀a฀p฀h฀y฀ o฀f  t h e  ฀a฀r฀e฀a฀ 
฀(฀A฀n฀d฀r฀e฀o฀u฀ ฀e t฀ a l .฀,฀ ฀1 9฀9฀6฀:฀ ฀2฀7฀6฀)฀.฀ H฀o฀w฀e฀v฀e฀r฀,฀ ฀l฀a฀c฀k฀ o f฀i n฀t฀e฀n฀s฀e฀ ฀s฀u฀r฀f a฀c฀e฀ 
฀s฀u฀r฀v฀e฀y฀s฀,฀ ฀g฀e฀o฀a฀r฀c฀h฀a฀e฀o฀l฀o฀g฀i฀c฀a฀l฀ ฀a฀n฀d฀ ฀p฀a฀l฀a฀e฀o฀e฀n฀v฀i฀r฀o฀n฀m฀e฀n฀t฀a฀l฀ w฀o k  a n d  ฀ﬁ฀n฀a฀l  
฀p฀u฀b฀l฀i฀c฀a฀t฀i฀o฀n฀ ฀o f฀ e x฀c฀a฀v฀a฀t฀i฀o฀n฀ a฀n฀d  e฀x฀t฀e฀n฀s฀i฀v฀e฀ a r c฀h฀a฀e฀o฀l฀o฀g฀i฀c฀a฀l฀ ฀r฀e c o n -
฀n฀a฀i฀s฀s฀a฀n฀c฀e฀ ฀r e s u l t฀s฀ p฀r e฀v฀e฀n฀t฀ ฀a฀n฀y฀ c o฀n฀c฀l฀u฀s฀i฀v฀e฀ ฀a฀r฀g฀u฀m e฀n฀t฀ a฀s฀ t o  ฀t h฀e฀ 
฀i฀n฀t฀e฀n฀s฀i฀t฀y฀ ฀a฀n฀d฀ c h฀a฀r฀a฀c฀t฀e฀r฀ o฀f฀ p r฀e฀h฀i฀s฀t฀o฀r฀i฀c฀ h a฀b฀i t a฀t฀i฀o฀n฀,฀ a฀s  w e l฀l฀ a฀s  t h e฀ ฀n฀a฀t฀u฀r฀e฀ 
฀o฀f฀ ฀l฀a฀n฀d฀-฀s฀c฀a฀p฀e฀ ฀a฀n฀d฀ ฀u฀s฀e฀ ฀o฀f฀ ฀s฀p฀a฀c฀e฀ ฀t฀h฀r฀o฀u฀g฀h฀ ฀t฀i฀m฀e฀.
฀I฀n฀ ฀t h฀e฀ ฀h฀e฀a฀r฀t฀ o f  ฀t h฀e฀ K฀a฀r฀d฀i฀t฀s฀a฀ ฀a฀l฀l฀u฀v฀i฀a฀l฀ ฀p฀l a฀i n฀ ฀l e s฀ t h e฀ ฀f฀o฀r฀m฀e฀r฀ u -
฀n฀i฀c฀i฀p฀a฀l฀i฀t฀y฀ (฀n฀o w฀ m฀u฀n฀i฀c฀i฀p฀a฀l฀ u฀n i฀t฀)฀ ฀o f  K฀a m฀b฀o฀s฀ t฀h฀a฀t฀ o c c฀u฀p฀i฀e฀s฀ ฀a฀n฀ a r฀e฀a฀ o f  
฀9฀0฀ ฀k฀m฀2฀ ฀(฀F฀i฀g฀.฀ 1฀)฀.฀ ฀B e฀t฀w฀e฀e฀n฀ ฀1฀9฀7฀0฀ ฀a฀n฀d฀ 1฀9฀7฀2฀,฀ ฀r฀e฀s฀c฀u฀e฀ e x c a฀v฀a฀t฀i฀o฀n฀s฀ 
฀w฀e฀r฀e฀ c a r฀r฀i฀e฀d฀ o฀u฀t฀ b yG฀.฀ C฀h฀o฀u฀r฀m฀o฀u฀z฀i฀a฀d฀i฀s฀ a t฀ t h r e e  ฀N฀e฀o l฀i฀t฀h฀i฀c฀ ฀s฀i฀t฀e฀s฀ 
฀(฀P฀r฀o฀d฀r฀o฀m฀o฀s฀ ฀I฀,฀ I I฀ a฀n฀d฀ I฀I฀I฀)฀ ( C h฀o฀u฀r฀m฀o฀u฀z฀i฀a฀d฀i฀s฀,฀ ฀1฀9฀7฀1฀,฀ ฀1฀9 7 2 ) .  V฀e r฀y  ฀f e฀w฀ 
฀p฀r฀e฀h฀i฀s฀t฀o฀r฀i฀c฀ ฀a฀n d  ฀h฀i฀s t฀o฀r฀i฀c฀a฀l฀ s i t e s  s u p p฀l฀e฀m฀e฀n฀t฀ t฀h฀e฀ a r฀g฀u฀a฀b฀l฀y฀ p฀o฀o r  
฀a฀n฀d฀ ฀s฀k฀e฀t฀c฀h฀y฀ a฀r c h a฀e฀o฀l฀o฀g฀i฀c฀a฀l฀ ฀m฀a p  ฀o฀f฀ t h฀e฀ K฀a฀m b฀o฀s฀ ฀a r฀e฀a฀ ( e .฀g฀.฀ I n t z฀e฀s฀i฀-
฀l฀o฀g฀l฀o฀u฀,฀ 1 9 9 7 ,฀ ฀2 0 0฀0,฀ 2฀0฀1฀0฀;฀ N i k฀o฀l฀a฀o฀u฀,฀ ฀2฀0฀0฀4฀;฀ C h a฀t฀z฀i฀a฀g฀g฀e฀l฀a฀k฀i฀s฀,฀ 
฀2฀0฀0฀7฀;฀ ฀C฀h฀a฀t฀z฀i฀a฀g฀g฀e฀l฀a฀k฀i฀s฀ n฀d฀ K a฀r a i a n n o฀p฀o฀u฀l฀o฀s฀,฀ 2 0 1 2 ) .
฀T฀o฀ ฀f u฀r฀t฀h฀e฀r฀ c o m฀p฀l฀i฀c฀a฀t฀e฀ t h i s  v e r yt e n฀t฀a฀t฀i฀v฀e฀ ฀p฀i฀c t฀u฀r฀e฀,฀ a  l a r g e฀-฀s฀c฀a฀l฀e฀,฀ 
฀c฀e฀n฀t฀r฀a฀l฀l฀y฀ p฀l฀a฀n฀n e฀d฀ ฀a n d฀ ฀e฀x฀e฀c฀u฀t฀e฀d฀ ฀p฀r฀o฀j฀e฀c฀t฀ ฀t or e฀c l฀a฀i฀m฀ n฀df o฀r฀ i n฀t฀e฀n฀s฀i฀v฀e฀,฀ 
฀m฀e฀c฀h฀a฀n฀i฀s฀e฀d฀,฀ ฀i฀r r i g a t e฀d฀ a g r i฀c฀u฀l฀t฀u฀r฀e฀ w฀a฀s  i m฀p฀l฀e฀m฀e฀n฀t฀e฀d฀ i฀n฀ ฀t h฀e฀ ฀K฀a฀r฀d฀i฀t฀s฀a฀ 
฀p฀l฀a฀i฀n฀ ฀d฀u฀r฀i฀n฀g฀ t฀h฀e฀ ฀e฀a฀r฀l฀y฀ 1 9฀7฀0฀s฀ (฀f r o฀m฀ ฀1฀9฀7฀0฀ t o  1 9฀7฀2฀)฀.฀ ฀A฀s฀ a  r฀e฀s฀u฀l฀t฀,฀ ฀t฀h฀e  
฀l฀a฀n฀d฀s฀c฀a฀p฀e฀ ฀w฀a฀s฀ d r a m฀a฀t฀i฀c฀a฀l฀l฀y฀ ฀t฀r฀a฀n฀s - f฀o฀r฀m฀e฀d฀ ( K฀r฀a฀h฀t o p฀o฀u฀l฀o฀u฀ e t฀ a l฀.฀ i n  
฀p฀r฀e฀p฀a฀r฀a฀t฀i฀o฀n฀)฀ (F฀i g฀.฀ 2 ) :  t h฀e฀ ﬂ ow฀ ฀o฀f฀ m฀a฀j฀o฀r฀ r i v e฀r฀s฀ ฀a฀n d  ฀s฀m฀a฀l฀l฀e฀r฀ ฀s t r฀e a฀m฀s฀ 
฀w฀a฀s฀ ฀m฀o฀d฀i฀ﬁ฀e฀d฀ t o  a v o i฀d฀ ฀s฀e฀a฀s฀o฀n฀a฀l฀ ฀ﬂ฀o฀o฀d฀i฀n฀g฀,฀ ฀w e฀t฀l a฀n฀d฀s฀ ฀w e฀r฀e฀ ฀d r฀a฀i฀n฀e฀d฀,฀ ฀a฀n฀ 
฀e฀x฀t฀e฀n฀s฀i฀v฀e฀ n e t w o r฀k฀ o฀fi r r฀i฀g฀a฀t฀i฀o฀n฀ c n฀a฀l฀s฀ w฀a i฀n฀s฀t฀a฀l฀l฀e฀d฀,฀ o l d  ฀r฀o฀a฀d฀s฀ a n฀d฀ 
฀ﬁ฀e฀l฀d฀s฀ w฀e฀r฀e฀ r s฀h฀a฀p฀e฀d฀,฀ n e w  ฀ﬁ฀e฀l฀d฀s฀ a n฀d฀ r o฀a฀d฀ n e t฀w฀o฀r฀k฀s฀ ฀w฀e฀r฀e฀ c r e฀a฀t฀e฀d฀,฀ 
฀t฀h฀e฀ ฀l฀a฀n฀d฀ w a s฀ ฀ﬂ฀a฀t฀t฀e฀n฀e฀d฀ ฀a฀n฀d฀ ฀s o i l฀ w฀a s฀ ฀l฀o฀c฀a฀l฀l฀y฀ ฀s฀h i f฀t฀e฀d฀ ฀t o  ﬁ l l฀ t o p฀o฀g฀r฀a฀p฀h฀i฀c฀ 
฀d฀e฀p฀r฀e฀s฀s฀i฀o฀n฀s฀.฀ M฀o฀r฀e฀o฀v฀e฀r฀,฀ m o u n฀d฀e฀d฀ ฀t฀e฀l l฀-฀l฀i฀k฀e฀ ฀h฀a b฀i t a฀t฀i฀o฀n฀ s i e฀s ,฀l฀o฀c฀a฀l฀l฀y฀ 
฀k฀n฀o฀w฀n฀ ฀a฀s฀ “ m฀a฀g฀o฀u฀l฀e฀s฀”฀,฀ ฀c฀h฀a฀r฀a฀c฀t฀e฀r฀i฀s฀t฀i฀c฀ o f  h e  ฀T฀h e s฀s฀a฀l฀i฀a฀n฀ l฀o฀w l a n d฀s฀,฀ s
฀w฀e฀l฀l฀ ฀a฀so t฀h฀e฀r฀ ฀t y p฀e฀s฀ ฀o฀f฀ m฀o฀n฀u฀m฀e฀n฀t฀s฀,฀ ฀m฀a฀i n฀l y฀ ฀t฀o฀m b฀s฀,฀ ฀w฀e฀r e฀ p a r฀t฀i฀a฀l฀l฀y฀ o฀r฀ 
฀t฀o฀t฀a฀l฀l฀y฀ ฀d฀e s฀t r฀o฀y฀e฀d฀ ( G a l l฀i฀s฀,฀ 1 9 7฀9฀:฀ 1฀8 )฀.฀ R e c฀e฀n฀t฀ ฀l฀o฀w฀ i n t฀e฀n฀s฀i฀t฀y฀,฀ e x t e n s฀i฀v฀e฀ 
฀l฀a฀n฀d฀s฀c฀a฀p฀e฀ r e c o n n฀a฀i฀s฀s฀a฀n฀c฀e฀ a n d  ฀i฀n฀f฀o฀r m฀a฀l฀ ฀i฀n฀t e r v฀i฀e฀w฀s฀ w฀i฀t฀h฀ m e m฀b฀e฀r฀s฀ o f  
฀t฀h฀e฀ ฀l฀o฀c฀a฀l฀ ฀c฀o฀m฀m฀u฀n฀i฀t฀i฀e฀s฀ ฀i n d฀i฀c฀a฀t฀e฀d฀ t h a t  h e฀c฀u฀l฀t฀u฀r฀a฀l฀ ฀r฀e฀c฀o฀r฀d฀ f  t h e฀ 
฀K฀a฀m฀b฀o฀s฀ ฀a฀r฀e฀a฀ w s฀ ฀g฀r฀a฀v฀e฀l฀y฀ a f฀f฀e c฀t฀e฀d฀ ฀b฀y฀ t h฀e฀ l a n฀d฀ r e c฀l฀a฀m฀a฀t฀i฀o฀n฀ ฀p฀r฀o฀c฀e฀s฀s฀ 
฀a฀n฀d฀ ฀e฀s฀p฀e฀c฀i฀a฀l฀l฀y฀ ฀b฀y  t h e฀ ฀e s t a฀b฀l฀i฀s฀h฀m฀e฀n฀t฀ ฀o f฀ a  s฀p฀e฀c฀i ﬁ฀c฀ i r r i฀g฀a฀t฀i฀o฀n฀ s y s฀t฀e฀m฀ 
฀t฀h฀a฀t฀ ฀r฀e฀q฀u฀i฀r฀e฀d฀ t h  ฀s฀y s฀t฀e฀m฀a฀t฀i฀c฀ ﬂ฀a฀t฀t฀e฀n฀i฀n฀g฀ o f฀ t h e฀l a฀n฀d฀s฀c฀a฀p฀e฀ 
฀(฀K฀r฀a฀h฀t฀o฀p฀o฀u฀l฀o฀u฀ ฀e฀t฀ ฀a฀l฀.฀ ฀i฀n฀ ฀p฀r฀e฀p฀a฀r฀a฀t฀i฀o฀n฀)฀.
฀R฀e฀c฀e฀n฀t฀ ฀r฀e฀s฀e฀a฀r฀c฀h฀ h฀a฀s฀ e฀m฀p฀l฀o฀y฀e฀d฀ ฀m u l฀t฀i฀s฀p฀e฀c฀t฀r฀a฀l฀ a t e l l i฀t฀e฀ i m฀a g i n฀g฀ i n  
฀c฀o฀m฀b฀i฀n฀a฀t฀i฀o฀n฀ w฀i฀t h฀ g e o฀p฀h฀y฀s฀i฀c฀a฀l฀ s฀u฀r v฀e฀y฀ a n d  ฀G I S฀ t฀o฀ l o฀c฀a฀t฀e฀ ฀u฀n฀e฀x฀c฀a฀v฀a฀t฀e฀d฀ 
฀m฀a฀g฀o฀u฀l฀a฀ s i฀t฀e฀s฀ i n  T h฀e฀s฀s฀a฀l฀y฀ ฀w฀i฀t h฀ v e r y฀ p r฀o฀m฀i฀s฀i฀n฀g฀ ฀r฀e฀s u l฀t฀s฀ ฀(฀e . g .฀ ฀A l e฀x฀a฀k฀i฀s฀ 
฀e฀t฀ a l฀.฀,฀ ฀2฀0 1฀1฀;฀ A฀g฀a฀p฀i฀o฀u฀ e t  ฀a l฀.฀,฀ ฀2฀0 1฀2฀,฀ 2 0 1฀3฀,฀ ฀2 0 1฀4฀;฀ ฀H฀a฀d฀j฀i฀m฀i฀t฀s฀i฀s฀ e฀t  a l . ,฀ 2฀0 1 3
฀7฀3-฀7฀5฀)฀.฀ ฀T฀h฀i฀s฀ p r o฀j฀e฀c฀t฀ i n t฀r o฀d฀u฀c฀e฀s฀ ฀a฀ n฀e฀w฀ m e฀t฀h฀o฀d฀o฀l฀o฀g฀i฀c฀a฀l฀ ฀a฀p p r฀o a c h฀,฀ 
฀b฀a฀s฀e฀d฀ ฀o฀n฀ t h฀e฀ ฀d฀i฀g฀i฀t฀a฀l฀ ฀r฀e฀c฀o n฀s฀t฀r฀u฀c฀t฀i฀o฀n฀ ฀o฀f฀ t h฀e฀ ฀c฀u฀l฀t฀u฀r฀a฀l฀ l a n d s฀c฀a฀p฀e฀ a s  i t฀ ฀w a฀s฀ 
฀b฀e฀f฀o฀r฀e฀ t฀h l฀a฀n฀d฀ ฀r e c฀l฀a฀m฀a฀t฀i฀o฀n฀ p r฀o c e s s฀.฀ ฀T h i฀s฀ n o v฀e฀l฀ ฀m฀e t฀h฀o฀d฀o฀l฀o฀g฀y฀ 
฀a฀t฀t฀e฀m฀p฀t฀s฀ ฀t฀o฀ ฀o฀v฀e฀r฀c฀o฀m฀e฀ t฀h฀e฀ ฀p฀r o b฀l฀e฀m฀s฀ ฀p o s฀e฀d฀ ฀b y  ฀t h฀e฀ ﬂ฀a฀t฀t฀e฀n฀i฀n฀g฀ o f฀ t h e  
฀l฀a฀n฀d฀s฀c฀a฀p฀e฀ ฀i n  ฀t h i s  r c฀l฀a฀i฀m฀e฀d฀ ฀a฀r฀e a ,  ฀w฀h฀i฀c฀h฀ r฀e฀n฀d฀e฀r฀s฀ ฀i฀m฀p฀o฀s฀s฀i฀b฀l฀e฀ ฀t฀h฀e฀ 
฀a฀p฀p฀l฀i฀c฀a฀t฀i฀o฀n฀ ฀o฀f฀ p r฀e฀v฀i฀o฀u฀s฀l฀y฀ e฀m฀p฀l฀o฀y฀e฀d฀ R฀S  m฀e฀t h฀o฀d฀s฀.฀ ฀M฀o฀r฀e฀o฀v฀e฀r฀,฀ ฀m o v i n g฀ 
฀b฀e฀y฀o฀n฀d฀ t฀h฀e฀ ฀d฀e฀t฀e฀c฀t฀i฀o฀n฀ ฀o฀f฀ s i t฀e฀s฀ a d฀ m o฀n฀u฀m฀e฀n฀t฀s฀,฀ ฀t h i฀s  ฀a p p r o฀a฀c฀h฀ ฀p฀r฀o฀-
฀v฀i฀d฀e฀s฀ ฀a฀ ฀m฀o฀r฀e฀ s c฀u฀r฀e฀ ฀i฀d฀e฀n฀t฀i฀ﬁ฀c฀a฀t฀i฀o฀n฀ a฀n฀d฀ a  b e t t e r฀ ฀c฀h฀a r฀a฀c฀t฀e฀r฀i฀s฀a฀t฀i฀o฀n฀ o฀f  
฀t฀h฀e฀ ฀e฀n฀t฀i฀r฀e฀ ฀c u l฀t฀u฀r฀a฀l฀ r฀e฀c฀o฀r฀d฀.฀ T h฀i s฀ a฀p฀p฀r฀o฀a฀c฀h฀ i฀s฀ c o n s฀i฀d฀e฀r฀e฀d฀ ฀o฀f฀ v฀i฀t฀a฀l  
฀i฀m฀p฀o฀r฀t฀a฀n฀c฀e฀,฀ ฀s฀i฀n฀c฀e฀ t฀h฀e฀ u l t i฀m฀a฀t฀e฀ ฀g฀o฀a฀l฀ ฀o฀f  t฀h฀i฀s฀ p r o฀j฀e฀c฀t฀ ฀i฀s฀ t o฀ u n d฀e฀r฀s฀t฀a฀n฀d฀ 
฀a฀n฀d฀ r฀e฀c฀o฀n฀s฀t฀r฀u฀c฀t฀ ฀t฀h฀e  l฀o฀n฀g฀-฀t฀e฀r฀m฀ c฀u฀l฀t u r฀a฀l฀ ฀l฀a฀n฀d฀s฀c฀a฀p฀e฀s฀ ฀o f฀ w฀e฀s t e฀r฀n฀ 
฀T฀h฀e฀s฀s฀a฀l฀y฀.
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฀2฀.฀1฀.฀ T h฀e฀ a฀s฀s฀e฀m฀b฀l฀a฀g฀e฀ ฀o฀f  t h฀e฀ p r฀o฀j฀e฀c฀t฀'฀s฀ G฀I฀S  g฀e฀o฀d฀a฀t฀a฀b฀a฀s฀e
฀P฀h฀o฀t฀o฀-฀c฀a฀r฀t฀o฀g฀r฀a฀p฀h฀i฀c฀ ฀m฀a฀t฀e฀r฀i฀a฀l ,  n e c e s s฀a฀r฀y฀ f฀o r  ฀t h e฀ d e v฀e฀l฀o฀p฀m฀e฀n฀t฀ f  
฀t฀h฀i฀s฀ ฀r e s฀e฀a฀r฀c฀h฀,฀ ฀w a s  ฀p฀r฀o฀v฀i฀d฀e฀d฀ ฀b฀y฀ t h฀e฀ ฀H฀e฀l฀l฀e฀n฀i฀c฀ ฀M฀i฀l฀i฀t a฀r฀y฀ G฀e฀o g r฀a฀p฀h฀i฀c฀a฀l฀ 
฀S฀e฀r฀v฀i฀c฀e฀ ( H฀M฀G฀S฀)฀,฀ t h e  ฀H e฀l฀l฀e฀n฀i฀c฀ ฀C฀a฀d a s฀t฀r฀e฀ ฀(฀K฀t฀i฀m฀a฀t฀o฀l฀o฀g฀i฀o฀)฀ ฀a n d  ฀t฀h฀e฀ 
฀U฀n฀i฀t฀e฀d฀ ฀S t฀a฀t฀e฀s฀ ฀G o l฀o฀g฀i฀c฀a฀l฀ S u r v e y฀ ( U S G฀S฀)฀.฀ T h e  ฀H M฀G฀S฀ ฀p r o฀v฀i฀d฀e฀d฀ ฀t฀h฀e฀ 
฀a฀e฀r฀i฀a฀l฀ ฀p฀h฀o t฀o฀g฀r฀a฀p฀h฀s฀ o n  p h o t o g฀r฀a฀p฀h฀i฀c฀ p a p e r  ฀a฀n฀d฀ t h e y฀ w฀e r฀e฀ s c a฀n฀n฀e฀d฀ 
฀w i฀t฀h฀ a n  ฀A฀3฀ ฀p฀h฀o฀t฀o฀g฀r฀a฀m฀m฀e฀t฀r฀i฀c฀ ฀s฀c฀a฀n n e฀r฀ ฀a฀t  9฀0฀0  d p฀i฀.฀ ฀T h e฀ c฀a฀l฀i฀b฀r฀a฀t฀i฀o฀n฀ 
฀p a r฀a฀m฀e฀t฀e฀r฀s฀ ฀o f  t h e  ฀c฀a m e฀r฀a฀s฀ ฀ m฀p฀l฀o฀y฀e฀d฀ i฀n฀ ฀t h฀e฀ ฀p฀r฀e฀-฀1฀9฀7฀2฀ ﬂ฀i g h t s  w e r฀e฀ 
p r฀o฀v฀i฀d฀e฀d฀ ฀b฀y฀ ฀t฀h฀e฀ ฀H฀G฀M฀S฀.
฀T฀h฀e฀ ﬁ฀r฀s฀t฀ s฀o u฀r฀c฀e฀s฀ t o  b  i n c฀o฀r฀p฀o฀r฀a฀t฀e฀d฀ i฀n฀ t h฀e฀ G฀I S฀ g o d฀a฀t฀a฀b฀a฀s฀e฀ ฀w e r e  
t h e฀ ฀r฀e฀f฀e฀r฀e฀n฀c฀e฀ c a r t฀o฀g฀r฀a฀p฀h฀i฀c฀ m a฀t e r a l฀s฀.฀ ฀T฀h e s฀e฀ ฀w e r e฀ ฀r฀e l฀a฀t฀i฀v฀e฀l฀y฀ ฀e a฀s฀y  t o  
฀i฀n฀c฀o r฀p฀o฀r฀a฀t฀e฀ ฀b฀y฀ a  s i฀m p l฀e฀ ฀g฀e o r฀e฀f฀e฀r฀e฀n฀c฀i฀n฀g฀ p r o c e s s  i n  w฀h฀i฀c฀h฀ ฀t฀h฀e฀ c o฀-
฀o฀r฀d฀i฀n฀a฀t฀e฀ ฀g฀r฀i d฀s฀ o฀f฀ t h฀e฀ m a฀p฀ ฀s฀e฀r฀i฀e฀s฀ ฀e m p l฀o฀y฀e฀d฀,฀ p r฀o฀v฀i฀d฀e฀d฀ ฀i n  a฀ l o c a฀l฀ ฀c฀o -
o r d฀i฀n฀a฀t฀e฀ ฀s฀y฀s฀t฀e฀m฀,฀ h฀a฀d  t฀o฀ ฀b e฀ ฀r e฀p฀r฀o฀j฀e฀c฀t฀e฀d฀ ฀t฀o฀ t h฀e  ฀G฀r฀e฀e฀k฀ G r฀i฀d฀ ( E P฀S฀G฀ 
2 1 0 0฀)฀ ฀u฀s฀e฀d฀ i n฀ t h฀e฀ d e v e l o p฀m฀e฀n฀t฀ f  t h  ฀p r o j e฀c฀t฀.฀ Q฀G฀I฀S  G e o฀r฀e฀f฀e฀r฀e฀n฀c฀e฀r฀ 
฀P฀l฀u฀g฀i฀n฀ ฀w฀a s฀e฀m฀p฀l฀o฀y฀e฀d฀ ฀t฀o฀ d o฀ ฀t h฀i฀s฀.฀ T฀h฀e฀ s o฀u฀r฀c฀e฀s฀ i n t฀e g฀r฀a฀t฀e฀d฀ i n  t h e฀ ฀G I฀S  
g฀e฀o฀d฀a฀t฀a฀b฀a฀s฀e฀ ฀w฀e฀r฀e฀:
 ?฀1฀9฀6฀3฀-฀7฀3฀ c a฀d฀a฀s฀t฀r฀a฀l฀ ฀m฀a p s  a t  s c฀a฀l฀e฀ ฀o฀f฀ 1 :฀5฀0฀0฀0฀.฀ T h e y฀ a f f฀o฀r฀d฀ ฀h฀i฀g฀h฀ 
฀a฀c฀c฀u฀r฀a฀c฀y฀ ฀a฀n฀d฀ ฀l a r g฀e฀ ฀s฀c฀a฀l฀e฀.฀ ฀T฀h฀e y฀ a l฀s฀o฀ p r o฀v฀i฀d฀e฀ i฀m฀p฀o฀r฀t฀a฀n฀t฀ i฀n฀f฀o฀r฀m฀a฀-
t฀i฀o฀n฀ ฀o฀n฀ t฀h฀e฀ s e฀c฀o฀n฀d฀-฀ ฀a฀n฀d฀ t h฀i฀r฀d฀-฀l฀e฀v฀e฀l฀ ฀t฀r฀i฀g฀o฀n฀o฀m฀e฀t฀r฀i฀c฀ n฀e฀t฀w฀o฀r k .฀ 
฀I฀n฀t฀e฀r฀e฀s฀t฀i฀n฀g฀l฀y฀ ฀e฀n฀o฀u฀g฀h ,฀ t h es o m฀e฀t฀i฀m฀e฀s฀ d฀e฀p฀i c t฀ ฀e฀l฀e฀m฀e฀n฀t฀s฀ ฀o฀f฀ t h฀e฀ 
฀l฀a฀n฀d฀s c a p฀e฀ w i t h฀ ฀t฀o฀p฀o฀g฀r฀a฀p฀h฀i฀c฀ ฀r฀e฀l฀i e f .  D u e฀ ฀t฀o฀ t h฀e฀ ฀ﬂ฀a฀t฀ m฀o฀r฀p฀h฀o฀l฀o฀g฀y฀ ฀o฀f  
฀t฀h฀e฀ ฀p฀l฀a฀i฀n฀,฀ ฀m฀a฀g o฀u฀l฀e฀s฀ ฀a฀n฀d฀ t o m b฀s฀ ฀o฀f t e฀n฀ ฀p฀r o v฀i฀d฀e฀d฀ ฀i d฀e฀a฀l  p l a฀c฀e฀s฀ f฀o฀r฀ t h฀e฀ 
฀c฀o฀n฀s฀t฀r฀u฀c฀t฀i฀o฀n฀ ฀o฀f฀ ฀t฀h฀e฀s฀e฀ ฀t฀r฀i฀g฀o฀n฀o฀m฀e฀t฀r฀i฀c฀ ฀p฀o฀i฀n฀t฀s฀ ฀(฀F฀i฀g฀.฀ ฀3฀)฀.
 ? ฀1฀9฀7฀3- 7 5฀ ฀t฀o฀p฀o฀g฀r฀a฀p฀h฀i฀c฀ m฀a฀p฀s฀ a t  a฀s c฀a฀l฀e  o f  1 :฀5฀0฀0฀0฀ ฀p฀r฀o฀d฀u฀c฀e฀d฀ b฀y฀ t h฀e
฀H฀M฀G฀S฀.฀ ฀T฀h฀e฀s฀e฀ w฀e฀r฀e฀ e x t฀r฀e฀m฀e฀l฀y฀ u s฀e฀f u l฀ s i n c฀e฀ ฀t฀h฀e฀y฀ c o n฀t฀a฀i฀n฀ ฀d e t a i฀l฀e฀d฀ 
฀t฀o฀p฀o฀g฀r฀a฀p฀h฀i฀c฀ ฀d฀a฀t฀a฀ i฀n฀c฀l฀u฀d฀i฀n฀g฀ t h฀o u s a฀n฀d฀s฀ o f  s p o t  h e i฀g฀h฀t฀s฀ t h a t  ฀w e r฀e฀ 
฀e฀m฀p฀l฀o฀y฀e฀d฀ t฀o฀ a฀n฀a฀l฀y฀s฀e฀ ฀p฀o฀s฀t฀-฀r฀e฀c฀l฀a฀m฀a฀t฀i฀o฀n฀ t฀o p o฀g฀r฀a p h i฀c฀ ฀c h a g e฀s฀.฀ 
฀T฀h฀e฀y฀ a l฀s฀o฀ c n฀t฀a฀i฀n฀ m฀a฀n฀y฀ p o s฀t฀-฀1฀9฀7฀2฀ t r฀i฀g฀o฀n฀o฀m฀e฀t฀r฀i฀c฀ p฀o฀i n t s  ฀(฀m฀o s to f  
฀t฀h฀o฀s฀e฀ ฀a฀p฀p฀e฀a฀r฀i฀n฀g฀ ฀i฀n฀ t h e  ฀p฀r฀e฀-฀1฀9฀7฀1฀ ฀m a p s  w e r฀e฀ d s฀t฀r฀o฀y฀e฀d฀ t g t฀h฀e฀r฀ 
฀w฀i฀t฀h฀ e฀ ฀m a฀g฀o฀u฀l฀a฀ o r  ฀t o฀m฀b฀ ฀u p o฀n฀ ฀w฀h฀i฀c฀h฀ ฀t฀h฀e฀y฀ w฀e฀r฀e฀ p o s฀i฀t฀i฀o฀n฀e฀d฀)฀ 
฀t฀h฀a฀t฀ ฀w e r฀e฀ v r฀y฀ ฀u s e฀f฀u฀l฀ ฀a฀s฀ t h฀e฀y฀ c o u฀l฀d฀ b e฀ ฀u s฀e฀d฀ a sG฀r฀o฀u฀n฀d฀ C o n t฀r฀o฀l฀ 
฀P฀o฀i฀n฀t฀s฀ (฀G C฀P฀)฀ f฀o฀r฀ t h฀e฀ p h฀o฀t฀o฀g฀r฀a฀m฀m฀e฀t฀r฀i฀c฀ ฀o฀r฀t h o - c o฀r฀r฀e฀c฀t฀i฀o฀n฀ ฀a n d  
฀g฀e฀o฀r฀e฀f฀e฀r฀e฀n฀c฀i฀n฀g฀ ฀o฀f฀ t h฀e฀ l a t฀e r  a e฀r i฀a฀l฀ p฀h฀o t฀o฀g฀r฀a฀p฀h฀ ฀s฀e฀r฀i e s .
฀D฀i฀g฀i฀t฀a฀l฀ ฀p h o t฀o฀g฀r฀a฀m฀m฀e฀t฀r฀i฀c฀ ฀b฀l฀o c k  ฀t฀r i฀a n g฀u฀l฀a฀t฀i฀o฀n฀ ฀w a฀s฀ c฀o฀n฀s฀i฀d฀e฀r฀e฀d
฀n฀e฀c฀e฀s฀s฀a฀r฀y฀ f฀o฀r฀ t h e  i฀n฀t฀e฀g฀r฀a฀t฀i฀o฀n฀ ฀o฀f฀ t h฀e฀ d f f฀e฀r฀e฀n฀t฀ ฀s฀e r฀i฀e฀s฀ ฀o f  ฀p฀h o฀t฀o฀g฀r฀a฀p฀h฀i฀c฀ 
฀m฀a฀t฀e฀r฀i฀a฀l฀s฀.฀ ฀T฀w o  ฀t฀y฀p฀e s฀ o fo u฀t฀p฀u฀t฀s฀ w e r e  p r o฀d฀u฀c฀e฀d฀ ฀u฀s฀i฀n฀g฀ t h i s฀ t e฀c฀h฀-฀n฀i฀q฀u฀e฀:฀ 
฀(฀1฀)฀ ฀o฀r฀t฀h฀o฀-฀p฀h฀o฀t฀o฀m฀o฀s฀a฀i฀c฀s฀ ฀o฀f฀ t h฀e฀ ฀s฀t u d y  ฀a฀r฀e฀a฀ f o r฀ a฀s฀ m฀a฀n฀y฀ d a t฀e฀s฀ ฀a฀s฀ 
฀p฀r฀e฀-฀1฀9฀7฀2฀ (฀t฀h฀e฀ d a t฀e฀ b y  ฀w฀h฀i฀c฀h฀ ฀t฀h฀e฀ l a฀n฀d฀ r e c฀l฀a฀m฀a฀t฀i฀o฀n฀ p฀r฀o฀c e s s฀ w฀a฀s฀ 
฀c฀o฀m฀p฀l฀e฀t฀e฀d฀)฀ ฀p฀h฀o฀t฀o฀g฀r฀a฀p฀h฀i฀c฀ s e฀r i e s  w e r฀e฀ ฀a฀v฀a฀i฀l฀a฀b฀l฀e฀ a n d  ( 2 )฀D i฀g฀i฀t฀a฀l฀ 
฀S฀u฀r฀f฀a฀c฀e฀ M฀o฀d฀e฀l฀s฀ ( D฀S M฀)฀ ฀o฀f  t h฀e฀ ฀a฀r฀e฀a฀.฀ ฀T฀h฀e฀ d e฀v฀e฀l฀o฀p฀m฀e฀n฀t฀ f฀ t h฀e฀ ฀o r t฀h o฀-
฀p฀h฀o฀t฀o฀m฀o฀s฀a฀i฀c฀s฀ ฀a฀n฀d฀ D S฀M฀s฀ f o l฀l฀o฀w฀e฀d฀ t h฀e฀ ฀s฀a฀m฀e฀ p฀r o฀c฀e฀s฀s฀ ฀o฀f  p฀h฀o฀t฀o฀-
฀g฀r฀a฀m฀m฀e฀t฀r฀i฀c฀ c o r r e l a฀t฀i฀o฀n฀ ฀b฀e฀t฀w e e n฀ t h฀d฀i฀f฀f฀e฀r฀e฀n฀t฀ ฀i฀m a g e s฀ ฀o฀f฀ e a c฀h฀ ﬂ i฀g฀h฀t฀.฀ 
฀T฀o฀ a s฀s฀i฀s฀t฀ ฀t h฀i s฀ p r o฀c฀e฀s฀s฀ a n d฀ ฀a฀s฀s฀u฀r฀e฀ ฀t฀h฀e฀ c o r฀r฀e฀c฀t฀ g o r e฀f฀e฀r฀e฀n฀c฀i฀n฀g฀ ฀o฀f฀ t h฀e฀ 
฀p฀r฀o฀d฀u฀c฀t฀s฀,฀ ฀a฀ s e t  ฀o฀f฀ a c฀c฀u฀r฀a฀t฀e฀ ฀G฀C฀P sw r฀e฀ ฀a c q฀u฀i฀r฀e฀d฀ ฀u฀s฀i฀n฀g฀ t h e  p r฀e฀v฀i฀o฀u฀s฀l฀y฀ 
฀d฀i฀s฀c฀u฀s฀s฀e฀d฀ ฀p฀r o j e c฀t฀e฀d฀ c a r t o g฀r฀a฀p฀h฀i฀c฀ m฀a฀t฀e฀r i a l฀ ฀a฀n฀d฀ ฀i฀d฀e฀n฀t฀i฀ﬁ฀e฀d฀ ฀i฀n  e฀a฀c฀h฀ 
฀i฀m฀a฀g฀e฀.
)LJ /RFDWLRQRI WKHVWXG\DUHD
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฀T฀h฀e฀ ฀d฀i฀f฀f฀e฀r฀e฀n฀t฀ ฀p฀h o t฀o g฀r฀a฀p฀h฀i฀c฀ m฀a฀t e r a l฀s฀ ฀o฀f฀ i n฀t฀e฀r฀e฀s฀t฀ f o฀r  ฀t฀h฀e฀ s t u฀d฀y฀ 
฀a฀r฀e฀a฀ i฀n฀c฀o฀r฀p฀o฀r฀a฀t฀e฀d฀ i฀n฀t฀o฀ ฀t฀h฀e฀ p r o j฀e฀c฀t฀'฀s฀ ฀G฀I฀S  g e฀o฀d฀a฀t฀a฀b฀a฀s฀e฀ ฀w e r e :
฀-฀T฀h฀e฀ ฀1฀9฀4฀5฀ ﬂ i฀g฀h฀t฀ a฀t  a  s c฀a฀l฀e฀ o f฀ 1 : 4฀2฀,฀0฀0฀0฀ ฀a฀c฀q฀u฀i฀r฀e฀d฀ b y฀ t h฀e฀ R฀o฀y฀a฀l฀ A฀i r  
฀F฀o฀r฀c฀e฀ ( R฀A฀F฀)฀.฀ A฀l฀t฀h฀o฀u฀g฀h฀ t฀h฀e฀s฀e฀ ฀p฀h฀o฀t฀o฀g฀r฀a฀p฀h฀s฀ ฀c฀o u l฀d฀ b e  m฀p฀l฀o฀y฀e฀d฀ ฀f฀o฀r฀ 
฀t฀h฀e฀ ฀v฀i฀s฀u฀a฀l฀ ฀d฀e฀t฀e฀c฀t฀i฀o฀n฀ ฀o฀f฀ f e a t฀u฀r฀e฀s฀,฀ ฀t h฀e฀ s c a l e฀ ฀w฀a฀s฀ t o฀o฀ s฀m฀a฀l฀l฀ t฀o  a l l฀o฀w฀ 
฀t฀h฀e฀ ฀u฀s฀e฀ ฀o฀f฀ d฀i฀g฀i฀t฀a฀l฀ ฀p h฀o฀t฀o฀g฀r฀a฀m฀m฀e฀t฀r฀i฀c฀ ฀t฀e฀c h n i q u฀e฀s฀ ฀f o฀r฀ t h e  r฀e฀c฀o฀n฀-
฀s฀t฀r฀u฀c฀t฀i฀o฀n฀ ฀o฀f฀ ฀t฀h฀e฀ ฀a฀r฀e฀a฀'฀s฀ ฀t฀o฀p฀o฀g฀r฀a฀p฀h฀y฀ ฀a฀t฀ ฀a฀ ฀s฀i฀g฀n฀i฀ﬁ฀c฀a฀n฀t฀ ฀r฀e฀s฀o฀l฀u฀t฀i฀o฀n฀.
฀-฀T฀w฀o฀ ฀1฀9฀6฀0฀ ฀ﬂ฀i฀g฀h฀t฀s฀ ฀a฀t฀ ฀a฀ ฀s฀c฀a฀l฀e฀ ฀o฀f฀ ฀1฀:฀1฀5฀,฀0฀0฀0฀ ฀a฀n฀d฀ ฀1฀:฀3฀0฀,฀0฀0฀0฀ ฀a฀c฀q฀u฀i r e d฀ b฀y
฀t฀h฀e฀ ฀U฀.฀S฀.฀ A i r฀ F฀o฀r฀c฀e฀ ฀(฀U฀S฀A฀F฀)฀.฀ T h e  ฀1฀:฀ 3 0฀,฀0฀0฀0฀ p h o t฀o฀g฀r฀a฀p฀h฀s฀ o f฀f฀e฀r฀  
฀g฀o฀o฀d฀ c o m฀p฀l฀e฀m฀e฀n฀t฀ ฀t฀o฀ ฀t h฀e฀ 1 : 1 5฀,฀0฀0฀0฀.฀ A l t฀h฀o u฀g฀h฀ t฀h฀e฀s฀e฀ c a n฀n฀o฀t฀ ฀b฀e฀ 
฀u฀s฀e฀d฀ t o  p r฀o฀d฀u฀c฀e฀ ฀u฀s฀e฀f u฀l฀ ฀D S M฀s฀ d u e฀ ฀t฀o฀ ฀t h฀e฀i฀r฀ s c฀a฀l฀e฀,฀ t฀h฀e฀y฀ c a n฀ ฀b฀e฀ 
฀u฀s฀e฀d฀ ฀f o r฀ ฀t฀h฀e฀ ฀v฀i฀s฀u฀a฀l฀ d e t e฀c฀t฀i฀o฀n฀ o f  f e฀a฀t u฀r฀e฀s฀ a฀n d  ฀i฀n฀c฀r฀e฀a฀s฀e฀ t฀h฀e฀ 
฀n฀u฀m฀b฀e฀r฀ ฀o฀f฀ i m฀a฀g฀e฀s฀ ฀a฀v฀a฀i฀l฀a฀b฀l฀e฀,฀ ฀w h i c h  ฀i s฀ p a฀r฀t฀i฀c฀u฀l฀a฀r฀l฀y฀ ฀i฀m฀p o r t a n฀t฀ ฀g฀i฀v฀e฀n฀ 
฀t฀h฀e฀ ฀p฀r฀o฀b฀l฀e฀m฀s฀ ฀o f
฀i฀m฀a฀g฀e฀ ฀c฀o฀n฀t฀r฀a฀s฀t฀ a฀p฀p฀a฀r฀e฀n฀t฀ ฀i n  t h e  ฀1฀:฀1฀5฀,฀0฀0฀0฀ ฀i m฀a฀g฀e฀s฀ ฀( s e฀e฀ F i฀g฀.฀ 4฀)฀.฀ T h฀e฀ 
฀1฀9฀6฀0฀ ﬂ i฀g฀h฀t฀ a t  a  ฀s c฀a฀l฀e฀ o f  1฀: 1฀5฀,฀0฀0฀0฀ ฀a฀l฀l o w฀e฀d฀ ฀t฀h  c฀r฀e฀a฀t฀i฀o฀n฀ ฀o฀f฀ b o฀t฀h฀ ฀a n
฀o฀r฀t฀h฀o฀-฀p฀h฀o฀t฀o฀m฀o฀s฀a฀i฀c฀ ( F i g .฀ 4฀)  a n d  a฀ ฀r e l a t i฀v฀e฀l฀y฀ h g h  r e s o l฀u฀t฀i฀o฀n฀ D฀S฀M .฀ 
฀A฀l฀t฀h฀o฀u฀g฀h฀ ฀t฀h฀e฀s฀e฀ i m a฀g฀e฀s฀ p r฀o฀v฀i฀d฀e฀d฀ a฀ r฀e฀a฀s฀o฀n฀a฀b฀l฀y฀ ฀h฀i g h  r e s o l฀u฀t฀i฀o฀n฀ a t  
a n฀ ฀e a฀r฀l฀y฀ e n฀o฀u฀g฀h฀ d a t฀e฀,฀ ฀ h e  e฀v฀i฀d฀e฀n฀t฀ p r o b l฀e฀m฀s฀ ฀o f฀ ฀c o฀n฀t฀r฀a฀s฀t฀ h฀i n d฀e฀r฀e฀d฀ 
฀i฀n฀ ฀s฀o฀m฀e฀ ฀c a s฀e฀s฀ ฀t฀h฀e฀ d e฀v฀e฀l฀o฀p฀m฀e฀n฀t฀ f  ฀D฀S฀M฀s฀,฀ ฀w h i฀c฀h฀ s฀h฀o฀w฀e฀d฀ i฀n฀-
c฀o฀n฀s฀i฀s฀t฀e฀n฀c฀i฀e฀s฀ ฀s฀u฀c฀h฀ a฀s  p i t  o r฀p฀e฀a฀k฀s฀.฀ ฀H o w฀e฀v฀e฀r฀,฀ ฀t฀h฀e฀ r e s฀u฀l฀t฀i฀n฀g฀ 
฀D S M฀s฀ ฀s t i l฀l฀ a l l o w e฀d฀ ฀u฀s฀ t o  r e฀c฀o฀n฀s฀t฀r฀u฀c฀t฀ t h e  o฀p฀o฀g r a p h y  o฀f฀ n o w  
฀i฀n฀v฀i฀s฀i฀b฀l฀e฀ ฀m฀a฀g฀o฀u฀l฀e฀s฀ ฀a฀n฀d฀ ฀t฀o฀m฀b฀s฀.
฀- C O฀R฀O฀N฀A฀ ฀a n a l฀o฀g฀u฀e฀ ฀s฀a฀t฀e฀l฀l฀i฀t฀e฀ i m฀a g r฀y฀ w฀a฀s฀ a l฀s฀o฀ e m฀p฀l฀o฀y฀e฀d฀.฀ I฀n฀ t h฀e
฀K฀a฀m฀b฀o฀s฀ c a e฀ ฀C฀O฀R฀O฀N฀A฀ ฀o฀f f฀e฀r฀s฀ x c e฀l฀l฀e฀n฀t฀ ฀i฀m a g e฀ q u a฀l฀i฀t฀y฀ ฀a n฀d฀ 
฀a฀ ฀g฀r฀o฀u฀n฀d฀ r฀e฀s฀o฀l฀u฀t฀i฀o฀n฀ o f  ฀2฀ m฀.฀ T฀w o฀ ฀s฀t฀r฀i฀p฀s฀ ฀o f฀ C O฀R฀O฀N฀A฀ ฀c o v e฀r฀a฀g฀e฀ 
฀a฀c฀q฀u฀i฀r฀e฀d฀ ฀i฀n฀ J u n฀1฀9฀7฀0฀ ฀w฀e฀r฀e฀ o฀b฀t฀a฀i฀n฀e฀d฀ ฀f฀r฀o฀m฀ t฀h e฀ ฀U S฀G฀S฀,฀ ฀g฀e฀o฀-
฀r฀e฀f฀e฀r฀e฀n฀c฀e฀d฀,฀ m p l o y i฀n฀g฀ t฀h e  ฀h i฀g฀h฀ r e s฀o฀l฀u฀t฀i฀o฀n฀ G฀C P s ,  ฀a฀n฀d฀ ฀i n฀c฀o฀r฀-
฀p฀o฀r฀a฀t฀e฀d฀ i฀n t฀o฀ ฀t฀h฀e
)LJ3KRWRJUDSKRIWKHODQGUHFODPDWLRQSURFHVVZKLFKÀDWWHQHGWKHDUHDXQGHUVWXG\HIIHFWLYHO\GHVWUR\LQJPRVWDUFKDHRORJLFDOUHPDLQV$GPLQLVWUDWLYH5HJLRQRI7KHVVDO\SKRWRJUDSKLFDUFKLYH
)LJ*HRUHIHUHQFHGVFDQQHGPDSUHGOLQHVRQWRSRIWKHRUWKRSKRWRPRVDLF7RZDUGVWKHFHQWHUDWULJRQRPHWULFSRLQWUHGWULDQJOHUHVWVRQWRSRIDQRZDGD\VLQYLVLEOHPDJRXODɆDJȠȪODLVWKH
WRSRQ\P
, ? ?KƌĞŶŐŽĞƚĂů ? ?:ŽƵƌŶĂůŽĨƌĐŚĂĞŽůŽŐŝĐĂů ^ĐŝĞŶĐĞ  ? ? ? ? ? ? ? ? ? ? ?  ? ? ?
฀p฀r฀o฀j฀e฀c฀t฀'฀s฀ ฀G฀I฀S฀.  A t฀ ฀t h฀e฀ d a฀t฀e฀ ฀w h e฀n฀ t฀h฀e฀ ฀C฀O฀R฀O฀N฀A฀ i฀m a฀g฀e฀s฀ ฀w r฀e฀ ฀t฀a฀k฀e฀n฀ 
฀t฀h฀e฀ ฀l฀a฀n฀d฀ r e c฀l฀a฀m฀a฀t฀i฀o฀n฀ p฀r฀o฀c e s s฀ w฀a฀s฀ s t i฀l฀l฀ ฀i฀n  p฀r฀o฀g฀r฀e฀s฀s฀ ฀a฀n฀d฀ ฀s฀o฀m฀e฀ 
฀a฀r฀e฀a฀s฀,฀ ฀s฀u฀c฀h฀ a st h฀e฀ ฀e฀a฀s฀t฀e฀r฀n฀ s c t o฀r฀ ฀o฀f฀ t h฀e฀ s t฀u฀d฀y฀ ฀a฀r e฀a฀,฀ ฀h a d฀ ฀s t฀i฀l฀l฀ n o t  
฀b฀e฀e฀n฀ ฀r฀e฀c฀l฀a฀i฀m฀e฀d฀.฀ ฀E v฀e฀n฀ i  ฀t฀h฀o฀s฀e฀ ฀s฀e฀c฀t฀o฀r฀s฀ ฀w฀h฀e฀r฀e฀ ฀t฀h฀e฀ l฀a฀n฀d฀-
฀r฀e฀c฀l฀a฀m฀a฀t฀i฀o฀n฀ p฀r฀o฀c e s s฀ w฀a฀s฀ o n g฀o฀i฀n฀g฀ s o฀m฀e฀ ฀m a฀g฀o฀u฀l฀e฀s฀,฀ ฀t฀o฀m b s  ฀a฀n฀d฀ 
฀o฀l฀d฀e฀r฀ ฀ﬁ฀e฀l฀d฀ ฀s฀y฀s฀t฀e฀m฀s฀ ฀w฀e฀r฀e฀ ฀s฀t฀i฀l฀l฀ ฀v฀i฀s฀i฀b฀l฀e฀.
฀-฀T฀h฀e฀ ฀d฀i฀g฀i฀t฀a฀l฀ ฀o฀r t฀h o฀i฀m฀a฀g฀e฀s฀ o f฀ t h฀e฀ ฀H฀e฀l l e฀n฀i฀c฀ ฀C฀a฀d฀a s฀t฀r฀e฀ ( K฀t฀i m฀a฀t฀o฀l฀o฀g฀i฀o฀)
฀a฀e฀r฀i฀a฀l฀ ﬂ฀i฀g฀h฀t฀ ( 2 0 0฀7฀e฀9฀)฀ ฀w฀e฀r฀e฀ ฀i n c฀o฀r฀p฀o฀r฀a฀t฀e฀d฀ a s  a฀r฀e฀f฀e฀r฀e฀n฀c฀e฀ b a s e - m฀a฀p฀.฀ 
฀T฀h฀e฀s฀e฀ ฀i m฀a฀g฀e฀s฀ r฀e฀ﬂ฀e฀c฀t฀ t h฀e฀ l฀a n฀d฀s฀c฀a฀p฀e฀ a s  i t฀ ฀i s฀ t o฀d฀a฀y฀ ฀a฀n฀d฀ a l฀l฀o฀w฀ ฀u฀s฀ t o฀ 
฀c฀h฀e฀c฀k฀ ฀w฀h฀e฀t฀h฀e฀r฀ a n y  ฀o฀f฀ t h฀e฀ ฀s฀i฀t฀e฀s฀ ฀l o c a฀t฀e฀d฀ ฀t h r o u฀g฀h฀ ฀r e m฀o฀t฀e฀ s e n s฀i฀n฀g฀ 
฀t฀e฀c฀h฀n฀i฀q฀u฀e฀s฀ ฀a฀r฀e฀ ฀s฀t฀i฀l฀l฀ ฀s฀t฀a฀n฀d฀i฀n฀g฀.
฀L฀a฀s฀t฀l฀y฀,฀ ฀t฀w o  p฀o฀i฀n฀t฀-฀v฀e฀c฀t฀o฀r฀ ฀l฀a฀y฀e฀r฀s฀ p r o฀v฀i d฀i฀n฀g฀ i฀m฀p o r t฀a฀n฀t฀ ฀i฀n฀f฀o฀r฀m฀a฀t฀i฀o฀n฀ 
฀w฀e฀r฀e฀ ฀i฀n฀c฀o฀r฀p฀o฀r฀a฀t฀e฀d฀ i฀n฀t฀o฀ ฀t฀h฀e฀ p r o j฀e฀c฀t฀'฀s฀ ฀g฀e฀o฀d a t฀a฀b฀a฀s฀e฀:
฀-฀T฀h฀e฀ ฀s฀i฀t฀e฀s฀'฀ ฀r฀e฀c o฀r฀d฀ ฀d a t a฀b฀a฀s฀e฀ o f฀ t h฀e฀ ฀E p฀h฀o฀r฀a฀t฀e฀ ฀o฀f฀ A n t i฀q฀u฀i฀t฀i฀e฀s฀ ฀o฀f  
฀K฀a฀r฀d฀i฀t฀s฀a฀ ฀w฀a  ฀i฀n฀t฀e฀g฀r฀a฀t฀e฀d฀ ฀i n฀t o฀ h e  g e o฀d฀a฀t฀a฀b฀a฀s฀e฀.฀ T฀h฀i s  d฀a฀t a b฀a฀s฀e฀ 
฀i฀n฀c฀o฀r฀p฀o฀r฀a฀t฀e฀s฀ s i฀t฀e฀s฀ r p o r฀t฀e฀d฀ i nt h฀e฀ ฀r฀e฀l฀e฀v฀a฀n฀t฀ ฀b฀i b l i o฀g฀r฀a฀p฀h฀y฀,฀ a฀s฀ w฀e฀l฀l  s  
฀s฀i฀t฀e฀s฀ d฀i c฀o฀v฀e฀r฀e฀d฀ ฀b฀y฀ r e฀c฀e฀n฀t฀ x t฀e฀n฀s฀i฀v฀e฀ ฀r฀e฀c o n n฀a฀i฀s฀s฀a฀n฀c฀e฀ o f  ฀t h e  ฀a฀r฀e฀a฀ 
฀(฀K฀r฀a฀h฀t฀o฀p฀o฀u฀l฀o฀u฀ ฀e฀t฀ a l฀. ,฀ ฀i฀n฀ p r฀e฀p฀a฀r฀a฀t฀i฀o฀n฀)฀.฀ ฀T h e฀ ฀c฀o r฀d i n฀a฀t฀e฀ ﬁ e l d s  ฀X฀ n฀d฀ 
฀Y฀ w฀e฀r฀e฀ u s e฀d฀ ฀t o฀p฀r฀o฀d฀u฀c฀e฀ ฀a฀ p฀o฀i n฀t฀ v฀e฀c฀t฀o฀r฀ l฀a฀y฀e฀r฀ f r o฀m฀ ฀w฀h฀i฀c฀h฀ ฀a฀l฀l
฀i฀n฀f฀o฀r฀m฀a฀t฀i฀o฀n฀ ฀r฀e฀l a฀t฀e฀d฀ ฀t o  t h e  s i฀t฀e฀s฀ ฀c฀o฀u฀l฀d฀ ฀b฀e฀ ฀q฀u฀e฀r฀i฀e฀d฀ a n฀d฀ a n a฀l฀y฀s฀e฀d฀.฀ 
฀T฀h฀e฀ ฀l฀a฀y฀e฀r฀ ฀a฀t฀t r฀i฀b฀u฀t฀e฀ t a b l e  c o฀n฀t฀a฀i฀n฀e฀d฀ i฀n f o r฀m฀a฀t฀i฀o฀n฀ o฀n฀ s i t e  n a m฀e฀,฀ 
฀a฀r฀e฀a฀,฀ ฀c h r฀o฀n฀o฀l฀o฀g฀y฀,฀ ฀t฀y฀p฀e฀ o f฀ a r฀c฀h฀a฀e฀o฀l฀o฀g฀i฀c฀a฀l฀ ฀e฀x฀p฀l฀o฀r฀a฀t฀i฀o฀n฀,฀ f  a n y ,฀ a n d฀ 
฀p฀r฀e฀s฀e฀r฀v฀a฀t฀i฀o฀n฀.฀ ฀T฀h฀e฀ ฀l฀a฀y฀e฀r฀ ฀p฀r฀e฀s฀e฀n฀t฀s฀ ฀3฀6฀ ฀h฀a฀b฀i฀t฀a฀t฀i฀o฀n฀ ฀a฀n฀d฀ ฀f฀u฀n฀e฀r฀a฀r฀y
฀s฀i฀t฀e฀s฀,฀ ฀m o s t฀ o f  h฀e฀m฀ ฀s฀t i฀l฀l฀ ฀u p฀s฀t฀a฀n฀d฀i฀n฀g฀.฀ ฀A฀l฀t฀h฀o฀u฀g฀h฀ t h i s฀ i s  a  r a฀t฀h฀e฀r฀ 
฀m฀o฀d฀e฀s฀t฀ ฀r e c฀o฀r฀d฀,฀ ฀i฀t฀ p r o฀v฀i฀d฀e฀s฀ v฀a฀l u a฀b฀l฀e฀ c h r o n฀o฀l฀o฀g฀i฀c฀a฀l฀ ฀a n d  
฀m฀o฀r฀p฀h฀o฀l฀o฀g฀i฀c฀a฀l฀ i฀n f฀o฀r m t i฀o฀n฀ ฀t฀h฀a฀t฀ c a n฀ ฀b e  r e l฀a฀t฀e฀d฀ t฀o  d i f฀f฀e฀r฀e฀n฀t฀ t฀y฀p฀e฀s฀ o f  
฀f฀e฀a฀t฀u฀r฀e฀s฀ ฀b฀u฀t฀ ฀a l฀s฀o฀ c r฀i฀t฀e฀r฀i฀a฀ f o  ฀t฀h฀e฀ i d e฀n฀t฀i฀ﬁ฀c฀a฀t฀i฀o฀n฀ o฀f  m฀i฀c r฀o฀-฀r e฀l฀i฀e฀f฀s฀ t h a t  
฀h฀a฀v฀e฀ ฀b฀e฀e฀n฀ ฀r฀e฀l฀a฀t฀e฀d฀ ฀t฀o฀ ฀f฀o฀r฀m฀e฀r฀ ฀a฀r฀c฀h฀a฀e฀o฀l฀o฀g฀i฀c฀a฀l฀ ฀s฀i฀t฀e฀s฀.
฀-฀T฀h฀e฀ ฀ﬁ฀r฀s฀t฀-฀o฀r฀d฀e฀r฀ ฀t฀r฀i฀g฀o฀n฀o฀m฀e฀t฀r฀i฀c฀ ฀n฀e฀t฀w฀o฀r฀k฀ ฀o฀f฀ ฀t฀h฀e฀ ฀a฀r฀e฀a฀ ฀w฀a฀s฀ ฀a฀l฀s฀o
฀i฀n฀c฀o฀r฀p฀o฀r฀a฀t฀e฀d฀ i฀n฀t฀o฀ ฀t฀h฀e฀ G I S  a฀s฀ a  ฀p฀o฀i฀n฀t฀ l a y e฀r฀ d฀e p฀i฀c฀t฀i฀n฀g฀ ฀t฀h฀e  p o฀s฀i t฀i฀o฀n฀ 
฀o฀f฀ c u฀r฀r฀e฀n฀t฀ t r฀i฀g฀o฀n฀o฀m฀e฀t฀r฀i฀c฀ ฀v฀e฀r t฀i฀c฀e si n  t h e฀ a r฀e฀a฀.
฀2฀.฀2฀.฀ M฀e฀t฀h฀o฀d฀o฀l฀o฀g฀i฀c฀a฀l฀ ฀a฀p฀p฀r฀o฀a฀c฀h e฀s฀ f o r  ฀t h e฀ r฀e฀c฀o฀n฀s฀t฀r฀u฀c฀t฀i฀o฀n฀ ฀o฀f฀ 
฀T฀h฀e฀s฀s฀a฀l฀i฀a฀n฀ ฀h฀i฀d฀d฀e฀n฀ ฀l฀a฀n฀d฀s฀c฀a฀p฀e฀s
฀I฀n฀ o r฀d฀e฀r฀ ฀t o  ฀c o฀m฀p฀e฀n฀s฀a฀t฀e฀ ฀f o r  ฀t฀h฀e฀ r฀e d u฀c฀t฀i฀o฀n฀ ฀i฀n฀ s p e c t฀r฀a฀l฀ i฀n f o r m฀a฀t฀i฀o฀n฀ 
฀w฀i฀t฀h฀ r e s฀p฀e฀c฀t฀ t o  m฀o฀d฀e฀r฀n฀ ฀m u l t฀i฀s฀p฀e฀c฀t฀r฀a฀l฀ ฀i m฀a฀g฀e฀r฀y฀ t h a tt฀h e฀ u฀s฀e฀ ฀o฀f฀ o฀l฀d฀ 
฀m฀o฀n฀o฀c฀h฀r฀o฀m฀e฀ ฀a฀e r฀i฀a฀l s฀ w฀o฀u฀l฀d฀ ฀i m฀p฀l฀y฀,฀ i t฀ ฀w฀a s฀ ฀d฀e฀c฀i฀d฀e฀d฀ t o  ฀i n c r฀e฀a฀s฀e฀ ฀t฀h฀e฀ 
฀c฀h฀a฀n฀c฀e฀s฀ ฀o฀f฀ f e฀a฀t฀u฀r฀e฀ d฀e฀t฀e฀c฀t฀i฀o฀n฀ b y  e฀m p l฀o฀y฀i฀n฀g฀ a  w o฀r฀k ﬂ฀o฀w฀ (F i฀g฀.฀ 5 )
฀s฀p฀e฀c฀i฀ﬁ฀c฀a฀l฀l฀y฀ d฀e฀s฀i฀g฀n฀e฀d฀ t o฀ ฀e฀x฀t฀r฀a฀c฀t฀ t h e  ฀m฀a x฀i฀m฀u฀m฀ ฀i฀n฀f o r฀m฀a฀t฀i฀o฀n฀ ฀p฀o฀s฀s i฀b฀l฀e฀ 
฀f฀r฀o฀m฀ ฀o฀l d฀ ฀b฀l฀a฀c฀k฀-฀a฀n฀d฀-฀w฀h฀i฀t฀e฀ ฀a฀e฀r฀i a l฀ ฀p h฀o t o g r฀a฀p฀h฀s฀.฀ ฀T฀h฀e฀ w o฀r k ﬂ฀o฀w฀ w a฀s฀ 
฀b฀a฀s฀e฀d฀ ฀o฀n฀ ฀t฀w฀o฀ ฀m฀e฀t฀h฀o฀d฀o฀l฀o฀g฀i฀c฀a฀l฀ ฀a฀p฀p฀r฀o฀a฀c฀h฀e฀s฀:
฀-฀P฀h฀o฀t฀o฀g฀r฀a฀m฀m฀e฀t฀r฀i฀c฀ ฀3฀D฀ r e฀c฀o฀n฀s t฀r฀u฀c฀t฀i฀o฀n฀.฀ ฀M o฀v฀i n฀g฀ f r o m฀ t฀h e฀ s o฀l฀e฀ v i -
฀s฀u฀a฀l฀ i฀n t฀e฀r฀p฀r฀e฀t฀a฀t฀i฀o฀n฀ ฀o f฀ f e u฀r e s฀ ฀a n dt฀a฀k฀i฀n฀g฀ a d v a฀n฀t฀a฀g฀e฀ o f  ฀t฀h฀e฀ 
฀s฀t฀e฀r฀e฀o฀-฀p฀h฀o฀t฀o฀g฀r฀a฀m฀m฀e฀t฀r฀i฀c฀ ฀c a p a b i฀l฀i t฀i฀e฀s  t h a t  ฀o l d  n e฀a฀r฀-฀v฀e฀r฀t฀i฀c฀a฀l฀ 
฀a฀e฀r฀i฀a฀l฀ ฀p h o t฀o฀g฀r฀a฀p฀h฀s฀ o f f฀e฀r฀,฀ ฀d฀i g i t฀a฀l฀ p h฀o฀t฀o฀g฀r฀a฀m฀m฀e฀t฀r฀i฀c฀ ฀b฀l฀o c k  ฀t฀r i a n฀-
฀g฀u฀l฀a฀t฀i฀o฀n฀ ฀w฀a฀s฀ u฀s฀e฀d฀ f o฀r฀ t h฀e฀ 3฀D฀ r e฀c฀o฀n฀s฀t฀r฀u฀c฀t฀i฀o฀n฀ ฀o฀f฀ t h฀e฀ l฀a฀n d฀s฀c a฀p฀e฀ a s฀ 
฀i฀t฀ w฀a฀s฀ ฀b฀e฀f฀o฀r฀e฀ ฀t฀h฀e฀ 1 9 7฀0฀s฀.฀ ฀A฀l฀t฀h฀o฀u฀g฀h฀ t฀h฀i s  i s฀ n o t฀ ฀a฀ n฀e฀w฀ ฀d฀e฀v฀e฀l฀o฀p฀m฀e฀n฀t฀,฀ 
฀f฀e฀w฀ a฀r฀c฀h฀a฀e฀o฀l฀o฀g฀i฀c฀a฀l฀ ฀a฀p p l฀i฀c฀a฀t฀i฀o฀n฀s฀ t k e฀ a d฀v฀a฀n฀t฀a฀g฀e฀ o f  ฀t฀h฀e฀ t o p฀o฀-
฀g฀r฀a฀p฀h฀i฀c฀a฀l฀ i฀n f฀o฀r฀m฀a฀t฀i฀o฀n฀ e฀n฀c l s e฀d฀ i฀n฀ o l  ฀a฀e฀r฀i฀a฀l฀ ฀a n d /฀o฀r฀ s a t e฀l฀l฀i฀t฀e฀ 
฀i฀m฀a฀g฀e฀r฀y฀ ฀s t e r e฀o฀p฀a฀i฀r฀s฀ ฀f฀o฀r฀ t฀h฀e  ฀p฀r฀o฀d฀u฀c฀t฀i฀o฀n฀ o f  ฀D฀S M s  ฀( b u฀t฀ s e e฀ ฀t฀h฀e฀ 
฀i฀n฀n฀o฀v฀a฀t฀i฀v฀e฀ w฀o฀r฀k฀ o f  C a฀s฀a฀n฀a฀ d  ฀C฀o฀t฀h฀r฀e฀n฀,฀ ฀2฀0฀0฀8฀ a n d฀ ฀G a฀l฀i฀a฀t฀s฀a฀t฀o฀s฀ 
฀e฀t฀ a฀l฀.฀,฀ ฀2 0 0฀8฀ w฀i t฀h฀ ฀C O฀R฀O฀N฀A฀ ฀s a t฀e฀l฀l฀i฀t฀e฀ i m฀a g s฀ ฀a n d ,฀ m o฀r฀e฀ r c฀e฀n฀t฀l฀y฀ 
฀O฀r฀e฀n฀g฀o฀ e t฀ ฀a l฀.฀,฀ 2 0 1฀4฀ w i t฀h฀ ฀o l฀d฀ ฀a฀e฀r฀i฀a฀l฀s฀)฀.
฀T฀h฀e฀ ฀a฀n฀a฀l฀y฀s฀i฀s฀ o฀f฀ t o฀p฀o฀g฀r฀a฀p฀h฀i฀c฀ ฀c฀h฀a฀n฀g ei฀n฀ t h฀e฀ ฀a฀r฀e฀a฀ m฀p฀l฀o฀y฀e฀d฀ ฀t฀h฀e
฀D฀S฀M฀s฀ d e v฀e฀l฀o฀p฀e฀d฀ f r฀o฀m  b o t฀h฀ ฀p r e฀-฀ ฀a n d฀ ฀p฀o฀s฀t฀-฀1฀9฀7฀0฀ a e r i฀a฀l฀s฀.฀ I n  o r฀d฀e฀r฀ ฀t o  
฀o฀b฀t฀a฀i฀n฀ ฀a฀ ฀f a฀s฀t฀ a n d฀ ฀r฀e฀l฀i฀a฀b฀l฀e฀ p฀i c t u r฀e฀ o฀ft o p o฀g฀r฀a฀p฀h฀i฀c฀ ฀c฀h฀a฀n฀g e s฀,฀ t h e s฀e฀ ฀t฀w฀o฀ 
฀m฀o฀d฀e฀l฀s฀ ฀w฀e r฀e฀ ฀c o m฀p฀a฀r฀e฀d฀ ฀u฀s฀i฀n฀g฀ a฀ c u t฀-฀a฀n฀d฀-฀ﬁ฀l฀l฀ ฀p฀r o c e฀s฀s฀.฀ ฀T฀h e  m o฀d฀e฀l฀s฀ d฀i฀d฀ 
฀n฀o฀t฀ ฀c฀o฀m฀p฀l฀e฀t฀e฀l฀y฀ o v e฀r l a p฀ o฀n฀ ฀t h฀e฀ Z a฀x฀i฀s฀.฀ S฀m฀a฀l฀l฀ c h฀a฀n฀g฀e฀s฀ ฀i n  ฀t h e  ฀D S฀M฀ 
฀v฀a฀l฀u฀e฀s฀ d u e฀t฀o฀ ฀t h฀e฀ ฀i฀n฀t฀e฀r฀p฀o฀l฀a฀t฀i฀o฀n฀ ฀p฀r o฀c฀e฀s฀s฀ ฀a฀n d  t฀h e฀ d i฀f฀f฀e฀r฀e฀n฀t฀i฀a฀l฀ ฀a฀v฀a฀i฀l฀-
฀a฀b฀i฀l฀i฀t฀y฀ ฀o฀f  G฀C฀P฀s฀ f฀o r฀ ฀t h฀e฀ d฀i฀f฀f฀e฀r฀e฀n฀t฀ ฀p฀e r฀i฀o฀d฀s฀ w e r฀e฀ p r o฀b฀a฀b฀l฀y฀ ฀r฀e฀s฀p฀o฀n฀s฀i฀b฀l฀e฀ 
฀a฀n฀d฀,฀ a l t฀h฀o฀u฀g฀h฀ c฀h฀a฀n฀g฀e฀s฀ w฀e฀r฀e฀ s t i฀l฀l฀ a p฀p฀r฀e฀c฀i฀a฀b฀l฀e฀,฀ ฀t฀h e s฀e  ฀w฀e฀r฀e฀ n o t฀ a฀s฀ 
฀c฀l฀e฀a฀r฀ ฀a฀n฀d฀ u n฀i฀f฀o฀r฀m฀ a฀s฀ e x฀p฀e฀c฀t฀e฀d฀.฀ ฀I฀n฀ o r฀d฀e r฀ t oa d฀d฀r฀e฀s฀s฀ t h i฀s฀ ฀p r o฀b฀l฀e฀m฀ ฀i n฀ 
฀t฀h฀e฀ ฀c฀o฀m฀p฀a฀r฀i฀s฀o฀n฀ o f  m฀o฀d฀e฀l฀s฀,฀ ฀w e  u฀s฀e฀d฀ a na l฀g฀o฀r฀i฀t฀h฀m฀ ฀d e v฀e฀l o฀p฀e฀d฀ f฀ r฀ t h  
฀ﬁ฀l฀t฀e฀r฀i฀n฀g฀ ฀a฀n฀d฀ v฀i s u฀a฀l฀i฀s฀a฀t฀i฀o฀n฀ o f  L฀i D฀A฀R  d a฀t a :฀ L฀o฀c฀a฀l฀ R฀e฀l฀i฀e฀f฀ M o d e฀l฀ ( L R฀M฀)
฀(฀H฀e฀s฀s฀e฀,฀ 2 0 1 0฀)฀.฀ ฀L฀R฀M฀ p r฀o฀d฀u฀c฀e฀s฀ ฀a฀ ฀r฀a฀s฀t e฀r฀ ฀i฀n฀ w฀h i฀c฀h฀ o฀n฀l฀y฀ r e l฀a฀t฀i฀v฀e฀ ฀t o฀p฀o฀-
฀g฀r฀a฀p฀h฀i฀c฀ d i฀f f฀e฀r฀e฀n฀c฀e฀s฀ ฀a r฀e฀ ฀r e ﬂ c t฀e฀d฀ ฀a฀n฀d฀,฀ ฀i n  ฀d฀o฀i฀n฀g฀ s฀o฀,  ฀r e฀d฀u฀c฀i฀n฀g฀ ฀c฀o฀n฀s฀t฀a฀n฀t฀ 
฀t฀r฀e฀n฀d฀s฀ i฀n฀ h e฀i฀g฀h฀t฀ c฀h฀a n฀g฀e฀s฀ t o  ฀a฀ ﬂ a t฀ ฀s฀u฀r฀f฀a฀c฀e฀.฀ ฀T฀h฀i฀s฀ ฀t c฀h฀n฀i฀q฀u฀e฀ i฀s  p a r t฀i฀c฀-
฀u฀l฀a฀r฀l฀y฀ ฀a฀p฀p r฀o฀p฀r฀i฀a฀t฀e฀ ฀f o r  ฀t฀h฀e฀ c฀o฀m฀p฀a฀r฀i฀s฀o฀n฀ o f  D฀S฀M s ,฀ s i฀n c฀e฀ t฀h e  ฀c฀u฀t฀-฀a฀n฀d฀-฀ﬁ฀l฀l฀ 
฀b฀e฀t฀w฀e฀e฀n฀ ฀t h  ฀p฀r฀e฀-฀ a n d฀ ฀p฀o฀s฀t฀-฀1฀9฀7฀0฀ L R฀M฀s฀ w i l l฀ ฀ﬁ฀n d฀ ฀n฀o฀ d i฀f฀f฀e฀r฀e฀n฀c฀e฀ ฀i n฀ ฀t h e  
฀a฀r฀e฀a฀s฀ ฀w฀h฀e฀r฀e฀ t o p o฀g฀r฀a฀p฀h฀y฀ ฀i s  c o n s t a฀n฀t฀ ฀i n  b o฀t h฀,฀ a n d฀ o n฀l฀y฀ w h e฀n฀ t฀h฀e฀r฀e฀ ฀a฀r฀e฀ 
฀s฀i฀g฀n฀i฀ﬁ฀c฀a฀n฀t฀ d฀i f f฀e฀r฀e฀n฀c฀e฀s฀ ฀i n฀ r e฀l฀a฀t฀i v฀e฀ ฀( n฀o฀t฀ a฀b s฀o฀l฀u฀t฀e฀)฀ ฀h฀e฀i฀g฀h t฀ w฀i฀l l฀ t฀h e฀s฀e฀ ฀b฀e฀ 
p฀i฀c฀k฀e฀d฀ u p฀ b y  t฀h฀e฀ ฀c฀u฀t฀-฀a฀n฀d฀-฀ﬁ฀l฀l฀ t o o l .฀ A t h o฀u฀g฀h฀ ฀s฀o฀m฀e฀ o f฀ ฀t h฀o฀s฀e฀ ฀d฀i f f฀e฀r฀e฀n฀c฀e฀s฀ 
฀i฀n฀ h e฀i฀g฀h฀t฀ ฀h฀i฀g฀h฀l฀i฀g฀h฀t฀e฀d฀ ฀b฀y฀ t h฀e฀ c u฀t - a฀n฀d฀-฀ﬁ฀l฀l฀ p฀r o c e฀s฀s฀ w฀e฀r e฀ d u e฀ ฀t฀o฀ p i฀t฀s฀ ฀a n d฀ 
฀p฀e฀a฀k฀s฀ ฀g฀e฀n฀e฀r฀a฀t฀e฀d฀ b y  ฀t h฀e฀ p h o฀t฀o฀g฀r฀a฀m฀m฀e฀t฀r฀i฀c฀ ฀r฀e฀c o n s t r u c฀t฀i฀o฀n฀ ฀p฀r o c฀e s s ,  
฀e฀a฀s฀i฀l฀y฀ ฀d฀e t฀e฀c฀t฀a฀b฀l฀e฀ b y฀ ฀t h฀e฀i฀rm฀o฀r฀p฀h฀o฀l฀o฀g฀y฀ ฀a฀n฀d฀ t h e  c฀o฀m฀p฀a฀r฀i฀s฀o฀n฀ w฀i t฀h฀ t h e  
฀o฀r฀t฀h฀o฀-฀p฀h฀o฀t฀o฀m฀o฀s฀a฀i฀c฀,฀ ฀m฀a n y฀ c o r฀r฀e฀s฀p฀o n฀d฀e฀d฀ t o  ฀ﬂ฀a฀t฀t n e฀d฀ o u t฀ ฀m o฀u฀n฀d฀e฀d฀ 
฀s฀i฀t฀e฀s฀.฀ ฀T฀h฀e฀s฀i฀t฀e฀s฀ ฀l o c a฀t฀e฀d฀ ฀c o฀u฀l d฀ ฀b฀e฀ ฀f u฀r฀t฀h฀e฀r฀ i n v e s฀t฀i฀g฀a฀t฀e฀d฀ ฀b y฀ u฀s฀i n฀g฀ ฀t฀h฀e฀ 
฀o฀r฀i฀g฀i฀n฀a฀l฀ ฀p฀r฀e฀-฀1฀9฀7฀0฀ D S M฀ w h฀e฀r฀e฀ ฀a฀b฀s฀o฀l฀u฀t฀e฀ ฀m e a s u฀r฀e฀m฀e฀n฀t฀s฀ ฀c฀o฀u฀l d  ฀b฀e฀ 
฀o฀b฀t฀a฀i฀n฀e฀d฀ ฀a฀n฀d฀ ฀t฀h฀e฀i฀r฀ ฀s฀h฀a฀p฀e฀ ฀a฀n฀a฀l฀y฀s฀e฀d฀.
฀T฀h฀i฀s฀ n฀o฀v฀e฀l฀ ฀w฀o r฀k฀ﬂ฀o฀w฀ c o m b฀i฀n฀i฀n฀g฀ p฀h฀o฀t฀o฀g฀r฀a฀m฀m฀e฀t฀r฀i฀c฀-฀g฀e฀n฀e฀r฀a฀t฀e฀d฀ 
฀D฀S฀M฀s฀,฀ ฀L฀R฀M฀ a฀n฀d฀ ฀c฀u฀t฀-฀a฀n฀d฀-฀ﬁ฀l฀l฀ ฀D฀S฀M  c o฀m฀p฀a฀r฀i฀s฀o฀n฀ a l฀l฀o฀w  t h฀e฀ f a s t฀ a n d฀ 
฀a฀c฀c฀u฀r฀a฀t฀e฀ ฀a฀n฀a฀l฀y฀s฀i฀s฀ o f฀ r e฀c฀e฀n฀t฀ ฀t o฀p฀o฀g฀r฀a฀p฀h฀i฀c฀ ฀c฀h฀a฀n฀g e ,฀ a n  i m฀p฀o฀r฀t฀a฀n฀t฀ ฀c฀a -
฀p฀a฀c฀i฀t฀y฀ ฀s฀i฀n฀c฀e฀ m o฀s฀t฀ ฀l a฀r฀g฀e฀-฀s฀c฀a฀l฀e฀ ฀a฀n฀t฀h฀r฀o฀p฀o฀g฀e฀n฀i฀c฀ t o฀p฀o฀g฀r a฀p฀h฀i฀c฀ ฀c฀h a n฀g e s฀ ฀i n฀ 
฀t฀h฀e฀ ฀w฀o฀r฀l฀d฀ ฀h฀a฀v฀e฀ ฀t฀a฀k฀e฀n฀ ฀p฀l฀a฀c฀e฀ ฀d฀u฀r฀i฀n฀g฀ ฀t฀h฀e฀ ฀l฀a฀s฀t฀ ฀6฀0฀ ฀y฀e฀a฀r฀s฀ ฀d฀u฀e฀ ฀t฀o฀ ฀ur b a n
)LJ  2UWKRSKRWRPRVDLF GHYHORSHG IURP WKH  DHULDO SKRWRJUDSKV RI WKH VWXG\DUHD 7KH
.DPERV VXEPXQLFLSDO XQLW LV GHOLQHDWHG LQ UHG
, ? ?KƌĞŶŐŽĞƚĂů ? ?:ŽƵƌŶĂůŽĨƌĐŚĂĞŽůŽŐŝĐĂů^ĐŝĞŶĐĞ  ? ? ? ? ? ? ? ? ? ? ?  ? ? ?
฀d฀e฀v฀e฀l฀o฀p฀m฀e฀n฀t฀,฀ ฀t h e  ฀g฀l฀o b฀a฀l฀ e x p฀a฀n฀s฀e฀ ฀o฀f  m e฀c฀h฀a฀n฀i฀s฀e฀d฀ ฀a฀g฀r฀i c u l฀t฀u฀r฀a฀l฀ ฀p฀r฀a c -
฀t฀i฀s฀e฀s฀ ฀a฀n฀d฀ ฀t h฀e฀ ฀u฀s฀e฀ ฀o฀f฀ h฀e฀a฀v฀y฀ ฀m฀a฀c฀h฀i฀n฀e฀r฀y฀.฀ I  ฀t h i s  w฀a฀y฀ i t฀ w฀o฀u฀l฀d฀ ฀b฀e฀ 
฀p฀o฀s฀s฀i฀b฀l฀e฀ t o  d฀e฀t฀e฀c฀t฀ f฀e฀a฀t฀u฀r฀e฀s฀ ﬂ฀a฀t฀t e n฀e฀d฀ ฀o u฀t฀ d u r฀i฀n฀g฀ ฀t h฀e฀ l a n฀d฀ ฀r฀e฀c฀l฀a฀m฀a฀-฀t฀i฀o฀n฀ 
฀p฀r฀o฀c฀e฀s฀s฀,฀ ฀s฀u฀c฀h  a sm฀a฀g฀o฀u฀l฀a฀ ฀s฀e฀t฀t l฀e฀m฀e฀n฀t฀s฀ o r฀ ฀t o m b฀s฀,฀ h r฀o฀u฀g฀h฀ t฀h฀e฀i r฀ 
฀c฀h฀a฀r฀a฀c฀t฀e฀r฀i฀s฀t฀i฀c฀ ฀t฀o฀p฀o฀g฀r฀a฀p฀h฀y฀.
฀-฀M฀u l฀t฀i฀-฀t฀e฀m฀p฀o฀r฀a฀l฀ v i s฀u฀a฀l฀i฀s a฀t฀i฀o฀n฀.฀ T h e  ฀v฀i s฀u฀a฀l฀ d e t e c฀t฀i฀o฀n฀ o฀f฀ e a t u฀r฀e฀s฀ ฀i s฀ 
฀s฀t฀r฀o฀n฀g฀l฀y฀ ฀l฀i n k฀e฀d฀ t o  ฀p฀h฀y฀s฀i฀c฀a฀l฀ ฀d฀i฀f฀f e฀r฀e฀n฀c฀e฀s฀ i n  ฀g฀r o u n฀d฀ ฀c฀o n d฀i฀t฀i฀o฀n฀s฀,฀ 
w฀h i฀c฀h฀,฀ a t฀ t h e฀ s฀a฀m฀e฀ ฀t i฀m฀e฀,฀ ฀a฀r฀e฀ b o฀u฀n฀d฀ ฀t฀o฀ s o฀m฀e฀t฀i฀m฀e฀s฀ r a฀p i d l฀y฀ 
฀c฀h฀a฀n฀g฀i฀n฀g฀ ฀f฀a฀c฀t฀o฀r฀s฀,฀ s u฀c฀h  a st i฀m฀e฀ ฀o฀fa฀c฀q฀u฀i฀s฀i฀t฀i฀o฀n฀,฀ ฀s฀o i l  ฀m o฀i s t u฀r฀e฀,฀ 
฀t฀e฀m฀p฀e฀r฀a฀t฀u฀r฀e฀,฀ ฀a฀n฀d  ฀s฀o฀ f o฀r฀t฀h฀.฀ M o r e฀o฀v฀e฀r฀,฀ ฀m u l฀t฀i฀-฀t฀e฀m฀p฀o฀r฀a฀l฀ d a t฀a฀ ฀w e r฀e
)LJ6FKHPHRIWKHZRUNÀRZIROORZHGIRUWKHSKRWRJUDPPHWULFEDVHGPXOWLWHPSRUDO5HPRWH6HQVLQJ56DQDO\VLVRIWKHVWXG\DUHD
)LJ 0XOWLWHPSRUDO5*% LPDJHJHQHUDWHGIURPWKH3ULQFLSDO&RPSRQHQWVRID3&$DQDO\VLVRI WKHGLIIHUHQWRUWKRLPDJHVDYDLODEOH IRU WKHVWXG\DUHD
, ? ?KƌĞŶŐŽĞƚĂů ? ?:ŽƵƌŶĂůŽĨƌĐŚĂĞŽůŽŐŝĐĂů ^ĐŝĞŶĐĞ  ? ? ? ? ? ? ? ? ? ? ?  ? ? ?
฀u฀s฀e฀d฀ t o  i n฀c฀r฀e฀a฀s฀e฀ ฀t฀h฀e฀ c h a n฀c฀e฀s฀ ฀o฀f  a t฀u฀r฀e฀ d e t c฀t฀i฀o฀n฀.฀ T h฀e฀ p h o t o฀-
฀g฀r฀a฀m฀m฀e฀t฀r฀i฀c฀ ฀3 D฀ ฀r฀e c o n฀s฀t฀r฀u฀c฀t฀i฀o฀n฀ ฀h a d  ฀a฀ s฀e c o n d฀ ฀ ฀u฀t p฀u฀t฀ ฀b e s i฀d฀e฀s฀ 
฀D฀S฀M฀s฀:฀ ฀o r t h฀o฀-฀p฀h฀o฀t฀o฀m฀o฀s฀a฀i฀c฀s฀ ฀o฀f฀ t h฀e฀ d i฀f฀f e r e฀n฀t  ฀ﬂ฀i฀g฀h t฀s฀ m p l฀o฀y฀e฀d฀ ฀w฀e฀r฀e฀ 
฀p฀r฀o฀d฀u฀c฀e฀d฀ ฀a฀n฀d฀ ฀t h e n฀ ฀c฀o m฀b฀i฀n฀e฀d฀ ฀i฀n฀ ฀a฀ s฀i n g฀l฀e฀ m u l t฀i฀-฀t฀e฀m฀p฀o฀r฀a฀l฀ i m a g e .฀ 
฀T฀h฀i฀s฀ ฀i฀m a฀g฀e฀ ฀w฀a฀s฀ ฀c r฀e฀a฀t฀e฀d฀ u s฀i n g฀ ฀a฀ ฀P฀r฀i฀n฀c฀i฀p฀a฀l฀ ฀C฀o฀m o n฀e฀n฀t฀ A a l฀y s฀i฀s฀ 
฀(฀P฀C฀A฀)฀,฀ ฀a฀ ฀m฀e฀t฀h฀o฀d฀ a v฀a฀i฀l฀a฀b฀l฀e฀ i฀n฀ m o s t  ฀G I S฀ ฀s฀o฀f฀t฀w฀a฀r฀e฀ ฀p฀a฀c฀k฀a฀g฀e฀s฀,฀ o f฀ ฀a l฀l฀ 
฀o฀r฀t฀h฀o฀-฀p฀h฀o฀t฀o฀m฀o฀s฀a฀i฀c฀s฀.฀ ฀T฀h฀e฀ t฀h r e e  ฀p฀r฀i฀n฀c฀i฀p฀a฀l฀ o m฀p฀o฀n฀e฀n฀t฀s฀ ฀w e r฀e  
฀c฀o฀m฀b฀i฀n฀e฀d฀ ฀i฀n฀ ฀a฀ R฀G฀B฀ ฀(฀R฀e฀d฀-฀G฀r฀e฀e฀n฀-฀B฀l฀u฀e฀)฀ ฀c฀o฀m p o s i t฀e  ฀(฀F฀i฀g฀.฀ 6฀) .  T h i฀s฀ 
฀c฀o฀m฀p฀o฀s฀i฀t฀e฀ ฀p฀r฀o฀v i฀d฀e฀d฀ a฀ m฀e฀a฀n฀s฀ t o  e฀x฀p฀l฀o฀r฀e฀ t h e  ฀d฀i฀v฀e฀r฀s฀i฀t฀y฀ ฀o฀f฀ t h฀e฀ d a฀t฀a฀ 
฀i฀n฀ ฀a฀ s฀i฀m฀p฀l฀e฀ ฀a฀n d฀e฀f฀ﬁ฀c฀i฀e฀n฀t฀ ฀w฀a฀y฀,฀ t฀a k฀i฀n฀g฀ ฀i฀n฀t฀o฀ a c c฀o฀u฀n฀t฀ v a r i a฀t฀i฀o฀n฀ ฀i฀n฀ 
฀e฀n฀v฀i฀r฀o฀n฀m฀e฀n฀t฀a฀l฀ ฀c฀o฀n฀d฀i฀t฀i o฀n฀s฀,฀ b u t฀a฀l฀s o฀ i n฀h฀u฀m฀a฀n฀ ฀t฀r฀a฀n฀s฀f฀o฀r฀m฀a฀t฀i฀o฀n฀s฀,฀ 
฀w฀h฀i฀c฀h฀ ฀c฀o฀u฀l฀d฀ ฀h฀a฀v฀e฀ ฀c฀a฀u฀s฀e฀d฀ ฀d฀i฀f฀f฀e฀r฀e฀n฀t฀i฀a฀l฀ ฀v฀i฀s฀i฀b฀i฀l฀i฀t฀y฀ ฀o฀f฀ ฀f฀e฀a฀t฀u฀r฀e฀s฀.
฀2฀.฀3฀.฀ R S฀-฀b฀a฀s฀e฀d฀ ฀i฀n฀t฀e฀r p฀r฀e฀t฀a฀t฀i฀o฀n฀ ฀p฀r฀o฀c฀e฀s s
฀T฀h฀e฀ ฀m฀u฀l฀t฀i฀-฀t฀e฀m฀p฀o฀r฀a฀l฀ ฀i฀m a฀g฀e฀ ฀t o g e t h e฀r฀ ฀w฀i฀t฀h฀ t h e฀1฀9฀4฀5  a n฀d  1฀9฀6฀0฀ o r฀t฀h฀o฀-
฀p฀h฀o฀t฀o฀m฀o฀s฀a฀i฀c฀s฀ ฀p r o v i d e d฀ ฀a฀n฀ e x฀c฀e฀l฀l฀e฀n฀t฀ t o฀o฀l฀ f฀o฀r  t h฀e฀ v i฀s฀u฀a฀l฀ ฀i฀n฀s฀p฀e฀c฀t฀i฀o฀n฀ o f  
฀t฀h฀e฀ ฀s฀t฀u฀d฀y฀ ฀a฀r e฀a฀.฀ ฀T฀h฀e฀i฀r฀ h g h฀ r e฀s฀o฀l฀u฀t฀i฀o฀n฀ ฀o฀f฀ 1  ฀m / p x ,  1 . 5 5  m฀/ p฀x฀ a n d฀ ฀0฀.฀6฀5฀7฀ 
฀m฀/฀p฀x฀ r฀e฀s฀p฀e฀c฀t฀i฀v฀e฀l฀y฀,฀ ฀w฀a฀s฀ ฀h i฀g฀h  e n o u g฀h  ฀t฀o  a l฀l฀o฀w฀ v i฀s i฀b฀i฀l฀i฀t฀y฀ ฀o฀f฀ t h฀e  s m a l฀l฀e฀s฀t฀ 
฀f฀e฀a฀t฀u฀r฀e฀s฀.฀ ฀I฀m a g e  ฀c฀o฀n฀t฀r฀a฀s฀t฀,฀ ฀h฀o฀w e v฀e฀r฀,฀ w฀a฀s฀ i฀n  s o m฀e฀ ฀c a s฀e฀s฀ ฀p฀r฀o฀b฀l฀e฀m฀a฀t฀i฀c฀,฀ 
฀h฀i฀n฀d฀e฀r฀i฀n฀g฀ ฀t฀h฀e  i d e n t฀i฀ﬁ฀c฀a฀t฀i฀o฀n฀ ฀o฀f฀ m฀a฀n฀y  f e฀a฀t฀u฀r฀e฀s฀ t฀h฀a฀t  h a d  t o฀ b e฀ ฀i d฀e฀n฀t฀i฀ﬁ฀e฀d฀ 
฀b฀y฀ ฀u฀s฀i฀n฀g฀ ฀a฀l฀t฀e฀r฀n฀a฀t฀i฀v฀e฀ ฀s฀o฀u฀r฀c฀e฀s฀ ฀t฀o฀ ฀t฀h฀e฀ ฀i฀n฀i฀t฀i฀a฀l฀ ฀v฀i฀s฀u฀a฀l฀ ฀i฀n฀s฀p฀e฀c฀t฀i฀o฀n฀.
฀T฀h฀e฀ ฀a฀n฀a฀l฀y฀s฀i฀s฀ o฀f  t h฀e฀ m u฀l฀t฀i฀-฀t฀e฀m฀p฀o฀r฀a฀l฀ i m a g e  ฀f o l l฀o฀w e฀d฀ a  ฀s฀y฀s฀t e฀m฀a฀t฀i฀c฀ 
฀a฀p฀p฀r฀o฀a฀c฀h฀:฀ a  ฀v฀e฀c฀t฀o฀r฀ g r i฀d฀ i n  w h฀i฀c฀h฀ e฀a฀c฀h฀ g r฀i฀d฀ ฀c e l฀l฀ ฀w a s฀ ฀e฀q฀u฀a฀l฀ t o  t฀h e฀ ฀s฀i฀z฀e฀ 
฀o฀f฀ t h฀e฀ ฀m a฀p฀ ฀w฀i฀n฀d฀o฀w฀ a t฀ h฀e฀ ฀1฀9฀6฀0฀s฀ ฀o฀r฀t h฀o฀-฀p฀h฀o฀t฀o฀m฀o฀s฀a฀i฀c฀'฀s฀ ฀m a x i฀m u m
r฀e฀s฀o฀l฀u฀t฀i฀o฀n฀ w฀a฀s฀ c r e a t฀e฀d฀ ฀ ฀n฀d฀ l฀a฀i฀d฀ o v e฀r฀ t฀h e฀ ฀s฀t฀u฀d฀y฀ ฀a฀r฀e฀a฀.฀ ฀T฀o฀ ฀s e฀c฀u฀r฀e฀ ฀a฀ 
฀s฀y฀s฀t฀e฀m฀a฀t฀i฀c฀ ฀i n s p e฀c฀t฀i฀o฀n฀ ฀e a฀c฀h฀ g r i฀d฀ s q u฀a฀r฀e฀ w a s  ฀v฀i฀s฀u฀a฀l฀l฀y฀ ฀i n v฀e฀s฀t฀i฀g฀a฀t฀e฀d฀ 
s e฀p฀a฀r฀a฀t฀e฀l฀y฀.฀ T฀h฀i฀s  o p e฀r฀a฀t฀i฀o฀n฀ w a s  ฀r฀e฀p฀e฀a฀t฀e฀d฀ f฀o฀r฀ ฀e฀a฀c฀h฀ o r฀t฀h฀o฀-฀p฀h฀o฀t฀o฀m฀o฀s฀a฀i฀c฀ 
฀a฀n d  ฀t h e฀ ฀r e฀s฀u฀l฀t฀s฀ ฀c฀o m฀p฀a฀r฀e฀d฀.฀ A l฀t฀h฀o฀u฀g฀h฀ ฀m o s t฀ ฀s฀o i฀l฀ m a฀r฀k฀s฀ w฀e฀r฀e฀ v i฀s฀i฀b฀l฀e฀ ฀i฀n฀ 
฀s฀e฀v฀e฀r฀a฀l฀ i m฀a฀g฀e฀s฀,฀ s฀o฀m฀e฀ ฀w e฀r฀e฀ o฀n฀l฀y฀ i d e฀n฀t฀i฀ﬁ฀a฀b฀l฀e฀ ฀i฀n฀ o n e  o f  ฀t฀h฀e฀m฀,฀ 
h i g฀h฀l฀i฀g฀h฀t฀i฀n฀g฀ ฀t฀h฀e฀ i m p฀o฀r฀t a฀n฀c฀e฀ o฀f฀ e m฀p฀l฀o฀y฀i฀n฀g฀ i฀m฀a g e s฀ ฀a฀c฀q฀u฀i฀r฀e฀d฀ i n฀ d i f f฀e฀r฀e฀n฀t฀ 
e n v฀i฀r฀o฀n฀m฀e฀n฀t฀a฀l฀ c o฀n฀d฀i฀t฀i o฀n฀s฀ t o  i n c r฀e฀a฀s฀e฀ t h e  ฀c฀h฀a฀n฀c฀e฀s฀ ฀o฀f฀ f฀e฀a฀t฀u฀r฀e฀ 
d e฀t฀e฀c฀t฀i฀o฀n฀.
฀A฀r฀c฀h฀a฀e฀o฀m฀o฀r฀p฀h฀o฀l฀o฀g฀i฀c฀a฀l฀ ฀a฀n a l฀y฀s i฀s฀ w a s฀ a l o  p e฀r฀f฀o฀r฀m฀e฀d฀ f o l฀l฀o฀w฀i฀n฀g฀ t h e  
m฀e฀t฀h฀o฀d฀o฀l฀o฀g฀y฀ ฀d฀e฀v e l฀o฀p฀e฀d฀ ฀b y  O r฀e฀n฀g฀o฀ a n d  ฀P฀a฀l฀e฀t฀ ( 2 0฀1฀0฀)฀ a฀n฀d  ฀P฀a฀l฀e฀t฀ a฀n฀d฀ 
฀O฀r฀e฀n g o  ( 2 0 1 1 )฀.฀ ฀A฀r฀c฀h฀a฀e฀o฀m฀o฀r฀p฀h฀o฀l฀o฀g฀y฀,฀ a  t฀e฀r฀m฀ e p l o y e d  ฀m a i฀n l฀y฀ ฀i n฀ 
฀F฀r฀e฀n c h  l฀a฀n฀d฀s c a฀p฀e฀ s t u d i฀e฀s฀,฀ ฀r f e r฀s  t฀ot h฀e  ฀s฀t฀u d y  ฀o฀f฀ a฀n฀c i e n t  h u฀m฀a฀n฀-
฀m฀a฀d฀e฀ s t฀r฀u฀c฀t฀u฀r฀e฀s฀ p r e s฀e฀r v฀e฀d฀ a p a r t฀ ฀o฀f฀ t h฀e฀ m฀o฀d฀e฀r฀n฀ ฀l฀a฀n฀d฀s฀c฀a฀p฀e฀,฀ s u฀c h  s  
฀r฀o฀a฀d฀s฀,฀ ฀ﬁ฀e฀l฀d฀ s y s฀t฀e฀m฀s฀,฀ ฀c฀h฀a฀n฀n฀e฀l฀s฀ a฀n฀d฀ ฀i r r i฀g฀a฀t฀i฀o฀n฀ ฀s y s฀t฀e฀m฀s฀,฀ a d฀ ฀u฀r b฀a฀n฀ 
฀s฀h฀a฀p฀e฀ ฀a฀n฀d฀ d i฀s฀t฀r฀i฀b฀u฀t฀i฀o฀n฀ ฀b y  m฀e฀a n s฀ o฀f  c a r฀t฀o฀g฀r฀a฀p฀h฀i฀c฀a฀l฀ ฀d฀o฀c฀u฀m e฀n฀t฀s฀ a n d  
฀a฀e฀r฀i฀a฀l฀ p฀h฀o t฀o฀g฀r฀a฀p฀h฀y฀.฀ I฀n  t฀h฀e฀ ฀K฀a฀m฀b o฀s฀ ฀c฀a฀s฀e฀,฀ t h e  ฀r฀e฀s฀u฀l฀t฀s฀ ฀w e r e฀ s i g฀n฀i฀ﬁ฀c฀a฀n฀t฀ 
a s฀ t h฀e฀y฀ a l฀l฀o฀w฀e฀d฀ ฀t h  ฀o฀r฀d฀e฀r฀i฀n฀g฀ ฀o฀f  f e฀a฀t u฀r฀e฀ m฀o฀r฀p฀h฀o฀l฀o฀g฀i฀e฀s฀,฀ s u฀c h  a s  r o฀a฀d฀s฀,฀ 
฀i n฀t฀o฀ a  r฀e฀l฀a฀t฀i฀v฀e฀ ฀c h฀r฀o฀n฀o฀l฀o฀g฀i฀c฀a฀l฀ s e฀q฀u฀e฀n฀c฀e฀.฀ A l฀s฀o฀,฀ r a d฀ m฀o฀r฀p฀h฀o฀l฀o฀g฀y฀ ฀w฀a฀s฀ 
฀a฀n฀ i m฀p฀o฀r฀t฀a฀n฀t฀ ฀f฀a฀c฀t฀o฀r฀ i  a s฀c฀r฀i฀b฀i฀n฀g฀ ฀t฀y฀p o l฀o฀g฀i฀e฀s฀ t  m฀o฀u฀n฀d฀e฀d฀ i t฀e฀s฀ a n d฀/฀o฀r฀ 
฀f฀e฀a฀t฀u฀r฀e฀s฀ a฀c฀c฀o฀r฀d฀i฀n฀g฀ t฀o฀ t h e  l฀o฀c฀a฀t฀i฀o฀n฀ ฀o฀f฀ t h฀e฀ ฀s฀i t฀e฀/฀f฀e฀a฀t฀u฀r฀e฀ i n  t h e  ฀r฀o฀a d  
n e t w฀o฀r฀k฀ ฀a฀n฀d฀ ฀i฀t฀s฀ ฀r฀e฀l฀a฀t฀i฀o฀n฀ ฀t฀o฀ ฀o฀t฀h฀e฀r฀ ฀s฀i฀t฀e฀s฀/฀f฀e฀a฀t฀u฀r฀e฀s฀ ฀i฀n฀s฀i฀d฀e฀ ฀t฀h฀e฀ ฀ne t฀w o฀r k฀.
฀T฀h฀e฀ ฀p฀h฀o฀t฀o฀i฀n฀t฀e฀r฀p฀r฀e฀t฀a฀t฀i฀o฀n฀ w฀a฀s฀ m฀a฀d฀e฀ i฀n฀ a  p฀o฀l฀y฀l i n฀e฀ v e฀c฀t฀o฀r฀ l a฀y฀e฀r฀.฀ T h฀e  
฀a฀t฀t฀r฀i฀b฀u฀t฀e฀ ฀t a b l฀e฀ l i n k฀e฀d฀ t฀o฀ t h฀i฀s฀ l a y฀e฀r฀ i n c฀o฀r฀p฀o฀r฀a฀t฀e฀d฀ i n f o r m a t฀i฀o฀n฀ ฀o฀f฀ t h฀e  
฀t฀y฀p฀e฀ o f฀ f e฀a฀t฀u฀r฀e฀ d e t c฀t฀e฀d฀ ฀(฀f o฀r  e x a m฀p฀l฀e฀,฀ ฀r o a฀d฀,฀ ฀m฀o u฀n฀d฀e฀d฀ ฀s฀i t฀e฀,฀ w e t฀l฀a฀n฀d฀,฀ 
฀e฀t฀c฀.฀)฀,฀ ฀s฀u฀b t฀y฀p฀e฀ (฀f o r  e x a฀m฀p฀l฀e฀,฀ ฀d฀i f f e r฀e฀n฀t฀ t y p e s฀o฀f  m o฀u฀n฀d฀e฀d฀ ฀s฀i t e s฀ ฀o฀r฀ 
฀r฀o฀a฀d฀s฀ ฀w฀e฀r฀e฀ ฀g i฀v฀e฀n฀ d฀i f f฀e฀r฀e฀n฀t฀ ฀c฀o d e s )฀,฀ ฀c฀h r o n฀o฀l฀o฀g฀y฀,฀ ฀w฀h e n  ฀a฀v฀a฀i฀l฀a฀b฀l฀e฀,฀ ฀t h e
)LJ([DPSOHVRIPRXQGHGVLWHV\HOORZOLQHVGHWHFWHGWKURXJKWRSRJUDSKLFUHFRQVWUXFWLRQDQG56GHWHFWHGURDGVUHGOLQHVLQWKHDUHDHDVWRIWKHPRGHUQYLOODJHRI$JLRV7KHRGRURV6RPHRIWKRVH
VLWHVLGHQWL¿HGRQO\DVWRSRJUDSKLFPDUNVDUHHQODUJHGLQWKHLPDJHVLQWKHER[HV1RQHRIWKHVHH[LVWWRGD\DVVKRZQLQWKH.WLPDWRORJLRRUWKRSKRWRJUDSKVEHORZ
, ? ?KƌĞŶŐŽĞƚĂů ? ?:ŽƵƌŶĂůŽĨƌĐŚĂĞŽůŽŐŝĐĂů^ĐŝĞŶĐĞ  ? ? ? ? ? ? ? ? ? ? ?  ? ? ?
฀t฀y฀p฀e฀ o f  s o฀u฀r฀c฀e฀ ฀e m p l฀o฀y฀e฀d฀ ฀f฀o฀r฀ i t฀s฀ d฀e฀t฀e฀c฀t฀i฀o฀n฀,฀ t฀h e฀ ฀y e a r  ฀i฀n฀ ฀w h฀i฀c฀h฀ ฀t฀h฀i s฀ 
฀s฀o฀u฀r฀c฀e฀ ฀w a s฀c฀r฀e฀a฀t฀e฀d฀ n฀d฀ ﬁ n a฀l฀l฀y฀ ฀t h฀e฀ d฀e฀g฀r฀e฀e฀ ฀o f฀ s e c฀u฀r฀i฀t฀y฀ o f  t h฀e฀ i d e฀n฀-
฀t฀i฀ﬁ฀c฀a฀t฀i฀o฀n฀.฀ T h i s  ฀l฀a฀s฀t฀ ฀i n f o฀r฀m฀a฀t฀i฀o฀n฀ ฀w฀a฀s฀ b a฀s฀e฀d฀  t฀h฀e฀ ฀c฀o฀n฀s฀i฀s฀t฀e฀n฀c฀y฀ ฀o฀f฀ s i฀t฀e฀/
฀f฀e฀a฀t฀u฀r฀e฀ d฀e฀t e c฀t฀i฀o฀n฀.฀ E l e฀m฀e฀n฀t฀s฀ a p฀p฀e฀a฀r฀i฀n฀g฀ ฀i฀n฀ ฀m a฀p฀s฀,฀ ฀s฀u฀c฀h฀ a s฀t h฀e฀ ฀o฀n฀e฀ 
฀s฀h฀o฀w฀n฀ ฀i฀n  F฀i g฀.฀ ฀3฀ ฀h฀a฀d฀ a฀ ฀h฀i฀g฀h฀ l฀e฀v฀e฀l฀ o f  r e l฀i฀a฀b฀i฀l฀i฀t฀y฀,฀ s  d i d฀ ฀t฀h o฀s฀e฀ ฀a฀p฀p฀e฀a฀r฀i฀n฀g฀ 
฀i฀n฀ a t฀ l e฀a฀s฀t฀ t w o฀ ฀i฀m฀a฀g฀e฀s฀ ฀a฀n฀d ,฀ ฀a฀t฀ t h฀e฀ s฀a฀m฀e฀ t฀i฀m฀e฀,฀ s h o฀w฀i฀n฀g฀ c h฀a฀r a฀c฀t฀e฀r฀i฀s฀t฀i฀c฀ 
฀t฀o฀p฀o฀g฀r฀a฀p฀h฀y฀ ฀i฀n฀ ฀t h฀e฀ D S฀M฀s฀.฀ E฀l e฀m฀e฀n฀t฀s฀ ฀a฀p฀p฀e a฀r฀i฀n฀g฀ ฀i฀n฀ m฀o฀r฀e฀ t h a฀n฀ o e฀ 
฀s฀o฀u฀r฀c฀e฀ ฀h a d  ฀a฀ ฀m฀e฀d฀i฀u฀m฀ l e v฀e฀l฀ o f  r e฀l฀i฀a฀b฀i฀l฀i฀t฀y฀,฀ ฀w฀h฀i฀l฀e  t h o s e฀ ฀a฀p p฀e฀a฀r฀i฀n฀g฀ ฀i฀n฀ 
฀o฀n฀l฀y฀ ฀o฀n฀e฀ ฀s฀o฀u฀r฀c฀e฀ ฀w฀e฀r฀e฀ ฀t฀a฀g฀g฀e฀d฀ ฀a฀s฀ ฀l฀o฀w฀ ฀l฀e฀v฀e฀l฀.
฀T฀h฀e฀ ฀D S฀M฀ g฀e฀n฀e฀r฀a฀t฀e฀d฀ f r฀o m  h e฀1฀9฀6฀0฀ p h o฀t฀o฀g฀r฀a฀p฀h฀s฀ p r e s e n t฀e฀d฀ a  
฀s฀p฀a฀t฀i฀a฀l฀ ฀r฀e s o l฀u฀t฀i฀o฀n฀ o f  1 . 3฀2฀9฀ ฀m /฀c฀e฀l฀l฀ b฀u฀t฀,฀ d฀u e฀ t฀o฀ t h฀e฀ ฀a฀v฀e฀r฀a฀g฀e฀ ฀q฀u฀a฀l฀i฀t฀y฀ o f฀ 
฀t฀h฀e฀ ฀i฀m฀a฀g฀e฀s฀,฀ i฀t฀ p฀r฀e฀s฀e฀n฀t฀e฀d฀ s e v฀e฀r a฀l฀ d e฀f o฀r฀m฀a฀t฀i฀o฀n฀s฀ ฀i฀n฀ s p฀e฀c฀i฀ﬁ฀c฀ a r e฀a฀s฀.฀ 
฀T฀h฀e฀s฀e฀ ฀w฀e฀r฀e฀ ฀t r฀e฀a฀t฀e฀d฀ w i t h  s฀t฀a฀n฀d฀a฀r฀d฀ ฀t฀o฀o฀l s  b u฀t฀ t h฀e฀ D฀S฀M฀ ฀w฀a฀s฀ n฀o฀t฀ ﬁ฀l฀t฀e฀r฀e฀d฀ 
฀i฀n฀ ฀a฀n฀y฀ ฀w a฀y฀,฀ i฀n  o r฀d฀e฀r฀ ฀t o  ฀p฀r฀e฀s฀e฀r฀v฀e฀ ฀s฀m a l฀l฀ d p฀r฀e฀s฀s฀i฀o฀n฀s฀,฀ w h i c h  ฀c฀o฀u฀l฀d฀ 
฀r฀e฀ﬂ฀e฀c฀t฀ ฀a฀c฀t฀u฀a฀l฀ d฀a฀t฀a฀.฀ T h฀e฀ v i฀s฀u฀a฀l฀ ฀i฀n฀s฀p฀e฀c฀t฀i฀o฀n฀ o f  t h e฀ ฀D S M฀ m a฀d฀e฀ u s e฀ ฀o฀f฀ 
฀d฀i฀f฀f฀e฀r฀e฀n฀t฀ ﬁ l t฀e฀r i฀n฀g฀ ฀a฀n d  v i฀s฀u฀a฀l฀i฀s฀a฀t฀i฀o฀n฀ m e t฀h o฀d฀s ,฀ ฀f r฀o฀m  t h e฀ s i฀m฀p฀l฀e฀ 
฀h฀i฀s฀t฀o฀g฀r฀a฀m฀ ฀s฀t฀r฀e฀t฀c฀h฀ ฀o฀f  ฀t฀h฀e฀ h e฀i฀g฀h฀t฀ v a l u฀e฀s฀ t o  ฀m฀o฀r฀e฀ s฀o฀p฀h฀i฀s฀t฀i฀c฀a฀t฀e฀d฀ 
฀t฀e฀c฀h฀n฀i฀q฀u฀e฀s฀ ฀i฀n฀i฀t฀i฀a฀l฀l฀y฀ ฀d฀e฀v฀e฀l฀o฀p฀e฀d฀ ฀f฀o฀r฀ ฀t฀h฀e฀ ฀v฀i฀s฀u฀a฀l฀i฀s฀a฀t฀i฀o฀n฀ ฀o฀f฀ ฀m฀i฀c฀r฀o฀-฀r฀el i฀e f฀s
฀i฀n฀ ฀L฀i฀D฀A฀R฀ d฀a฀t฀a฀s฀e฀t฀s฀.฀ T h e e฀ ฀i฀n฀c฀l฀u฀d฀e฀d฀ L o c a l฀ ฀R฀e฀l฀i฀e฀f฀ M o d฀e฀l฀ ฀(฀H฀e฀s฀s฀e฀,฀ 
฀2฀0฀1฀0฀)฀,฀ ฀w฀h฀i฀c฀h฀,฀ a฀s฀ a l฀r฀e฀a฀d฀y฀ m฀e฀n฀t฀i฀o฀n฀e฀d฀,฀ w฀a฀s฀ i฀n฀c฀o r฀p฀o฀r฀a฀t฀e฀d฀ a s  p a฀r  ฀o฀f฀ t h฀e฀ 
฀c฀u฀t฀-฀a฀n฀d฀-฀ﬁ฀l฀l฀ ฀p฀r o d฀u฀c฀t฀i฀o฀n฀ p r o c฀e฀s฀s฀,฀ ฀a฀n฀d฀ a  R G฀B฀ c฀o฀m฀p฀o฀s฀i฀t฀e฀ ฀o฀f฀ t h฀e  3  p r i฀n฀-
฀c฀i฀p฀a฀l฀ ฀c฀o฀m฀p฀o฀n฀e฀n฀t฀s฀ ฀o฀f฀ ฀a฀ P C A฀ o f฀ m฀u฀l฀t฀i฀p฀l฀e฀ ฀s฀h฀a d e฀d฀ r l฀i฀e฀f฀ ฀m o d฀e฀l฀s฀ 
฀(฀f฀o฀l฀l฀o฀w฀i฀n฀g฀ D฀e฀v฀e฀r฀e฀u฀x฀ e t  a l฀. ,  2 0 0฀8฀)฀.฀ ฀T฀h฀e  r e฀s฀u฀l฀t฀s฀ ฀n฀o  o฀n฀l฀y฀ ฀a l฀l฀o฀w฀e฀d฀ ฀u฀s฀ t o  
฀l฀o฀c฀a฀t฀e฀ ฀m฀o฀u฀n฀d฀e฀d฀ ฀s฀i฀t฀e฀s฀ ฀b฀u฀t฀,฀ ฀i฀n฀ ฀m฀a฀n฀y฀ ฀c฀a฀s฀e฀s฀,฀ ฀t฀o฀ ฀m฀a฀p฀ ฀t฀h฀e฀i฀r฀ ฀t฀o฀p฀o฀g฀r฀a฀p฀h฀y .
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฀F฀o฀u฀r฀ t฀y p฀e฀s฀ ฀o฀f฀ s฀t฀r฀u฀c฀t฀u฀r฀e฀s฀,฀ ฀a฀c฀c฀o฀r฀d i฀n฀g฀ t฀o฀ t h e  ฀f฀a฀c฀t฀o฀r฀s฀ p r o m฀p฀t฀i฀n฀g
฀t฀h฀e฀i฀r฀ ฀d฀e฀t฀e฀c฀t฀i฀o฀n฀,฀ ฀h฀a฀v฀e฀ ฀b฀e฀e฀n฀ ฀i฀d฀e฀n฀t฀i฀ﬁ฀e฀d฀:
฀S฀u฀n฀k฀e฀n฀ o r฀ h o l฀l฀o฀w฀ s t r฀u฀c฀t฀u฀r฀e฀s฀.฀ ฀T฀h฀e  ฀m฀o฀s฀t฀ c o m฀m฀o฀n฀ s t฀r฀u฀c฀t฀u฀r฀e฀s฀ ฀o฀f฀ 
฀t฀h฀i฀s฀ ฀t฀y฀p฀e฀ a r e฀ ฀t฀h฀e฀ s฀o฀-฀c฀a฀l฀l฀e฀d฀ ฀“฀h฀o l฀l฀o฀w฀ w a y฀s฀”฀ ( W฀i฀l฀k฀i฀n฀s฀o฀n฀,฀ ฀1฀9฀9฀3฀)฀.฀ T฀h฀e  
฀c฀o฀n฀t฀i฀n฀u฀o฀u฀s฀ ฀u฀s฀e฀ o f  t h e s฀e฀ ฀i n฀f o฀r฀m฀a฀l฀ ฀p฀a฀t฀h฀s฀ ฀b฀y  p e฀o฀p฀l฀e฀,฀ a n i m฀a฀l฀s฀ a n d฀ 
฀v฀e฀h฀i฀c฀l฀e฀s฀ e฀r฀o฀d฀e฀s฀ t h e฀ ฀s u฀b฀s฀t฀r฀a฀t฀e฀ ฀a฀n d  ฀f฀o฀r฀m฀s฀ a฀d e฀p฀r฀e฀s฀s฀i฀o฀n฀.฀ ฀T฀h฀e  g฀e฀-
฀o฀l฀o฀g฀y฀ ฀o฀f  t h e฀ ฀p฀l฀a฀i฀n฀ o f  K฀a฀r฀d฀i฀t฀s฀a฀,฀ ฀n฀a m e l y฀ ฀e฀a s฀i฀l฀y฀ e r฀o฀d฀i฀b฀l฀e฀ Q฀u฀a t฀e฀r฀n฀a฀r฀y฀ 
฀a฀l฀l฀u฀v฀i฀a฀l฀ ฀d฀e฀p฀o s฀i฀t฀s฀,฀ p฀r฀o m o฀t฀e฀s฀ ฀t฀h฀e฀ f o r m฀a฀t฀i฀o฀n฀ a n d฀ ฀p r e s฀e฀r฀v฀a฀t฀i฀o฀n฀ o f  
฀s฀u฀c฀h฀ n e g฀a฀t฀i฀v฀e฀ ฀r e฀l฀i f฀ f฀e฀a฀t฀u฀r฀e฀s฀.฀ ฀M o r e o฀v฀e฀r฀,฀ ฀t฀h฀e฀ p l a i n฀ f o฀r m฀s฀ ฀a฀ ฀l a r฀g฀e฀ 
฀n฀a฀t฀u฀r฀a฀l฀ b a s i n฀ ฀t h฀a฀t฀ r e t฀a฀i฀n฀s฀ w a฀t฀e฀r฀ p฀e฀r฀e฀n฀n฀i฀a฀l฀l฀y฀.฀ ฀T฀h฀e฀ w฀a฀t e r  t a b฀l฀e฀ ฀i s฀ 
฀p฀a฀r฀t฀i฀c฀u฀l฀a฀r฀l฀y฀ ฀h฀i฀g฀h฀ a n d  ฀o฀s c i฀l฀l฀a฀t฀e฀s฀ b e฀t w฀e฀e฀n฀ 2  a n d  4  ฀m฀.฀ T฀h฀e฀r฀e฀f฀o฀r฀e฀ 
฀n฀e฀g฀a฀t฀i฀v฀e฀ r e฀l฀i f฀ f e฀a฀t฀u฀r฀e฀s฀,฀ s฀u฀c฀h฀ a s  o l฀l฀o฀w฀ ฀w a y s฀,฀ d i t c฀h฀e฀s฀,฀ ฀a฀n฀d฀ s o  n฀ 
฀a฀r฀e฀ ฀u฀n฀u฀s฀u฀a฀l฀l฀y฀ ฀v฀i฀s฀i฀b฀l฀e฀,฀ a฀s฀ t h฀e฀y฀ t฀e n฀d฀ t o  p r฀e฀s฀e฀n฀t฀ d i f฀f฀e฀r฀e฀n฀t฀ ฀m o i s t u฀r฀e฀ 
฀c฀o฀n฀t฀e฀n฀t฀ t h a n฀t฀h฀a฀t฀ ฀o฀f฀ t h฀e฀i฀r฀ i฀m m฀e฀d฀i฀a฀t฀e฀ ฀e฀n v i฀r฀o฀n฀m฀e฀n฀t฀.
฀M฀a฀r฀k฀s฀ r e฀l a฀t฀e฀d฀ t o  d฀i f฀f฀e฀r฀e฀n฀t฀i฀a฀l฀ ฀v฀e฀g฀e t t i฀o฀n฀ ฀g r฀o w฀t฀h฀ s u c h฀ a sf o฀r฀m฀a฀l
฀p฀a฀v฀e฀d฀ ฀r฀o฀a฀d฀s฀,฀ ฀b฀u฀t฀ a l s฀o฀ a n c฀i฀e฀n฀t฀ ฀c i฀t฀y฀ ฀g r฀i฀d฀s฀ a฀n฀d฀ w a฀l฀l฀s฀.
฀P฀r฀e฀s฀e฀r฀v฀e฀d฀ a n d  ฀s฀t฀a฀n฀d฀i฀n฀g฀ ฀s฀t r฀u฀c฀t฀u฀r฀e฀s฀ ( a t  ฀t฀h฀e฀ ฀m o m฀e฀n฀t฀ a฀t฀ w฀h i฀c฀h฀ t h e
฀i฀m฀a฀g฀e฀ ฀w฀a฀s฀ a c฀q฀u฀i฀r฀e฀d฀)฀.฀ ฀T h฀e฀s e฀ ฀a฀r฀e  i n  t h฀e฀ ฀m฀a฀j฀o฀r฀i฀t฀y฀ m฀a฀g o u฀l฀a฀ s e t t l฀e฀-
฀m฀e฀n฀t฀s฀ ฀o฀r฀ f u฀n฀e฀r฀a฀r฀y฀ ฀s฀i฀t e s ,฀ ฀w h i฀c฀h฀ a r฀e฀ u s฀u฀a฀l฀l฀y฀ ฀v฀i฀s i฀b฀l฀e฀ ฀i฀n฀ a e฀r i฀a฀l฀ ฀p฀h฀o -
฀t฀o฀g฀r฀a฀p฀h฀s฀ ฀b฀u฀t฀ ฀a฀l o฀ d e t฀e฀c฀t฀a฀b฀l฀e฀ t h฀r o u฀g฀h฀ ฀t฀h e  p o฀t฀o฀g฀r฀a฀m฀m฀e฀t฀r฀i฀c฀ ฀3฀D฀ 
฀m฀o฀d฀e฀l฀s฀ ฀d฀e฀v฀e฀l฀o฀p฀e฀d฀ ( F i฀g฀.฀ 7 )T h i฀s฀ c a t฀e฀g฀o฀r฀y฀ ฀a฀l s o฀ i n c l฀u฀d฀e฀s฀ ฀s฀t฀r u c t฀u฀r฀e฀s฀ 
฀a฀n฀d฀ ฀l฀a฀n฀d฀f฀o฀r฀m฀s฀ l c a t฀e฀d฀ t฀h r o u฀g฀h฀ ฀a฀r c a฀e฀o฀m฀o฀r฀p฀h฀o฀l฀o฀g฀i฀c฀a฀l฀ a n a l y฀s e s ,  
฀s฀u฀c฀h฀ a s฀ﬁ e฀l฀d฀ ฀s y s฀t฀e฀m฀s฀ ฀o฀r฀ a฀n฀c฀i฀e฀n฀t฀ r i฀v฀e r฀s฀.฀ T h e s฀e฀ ฀l฀a฀s t฀ a r e฀ ฀u฀s฀u฀a฀l฀l฀y฀ 
฀d฀e฀t฀e฀c฀t฀e฀d฀ ฀u฀s฀i฀n฀g฀ v฀i s u฀a฀l฀ i฀d฀e฀n฀t฀i฀ﬁ฀c฀a฀t฀i฀o฀n฀ a฀n฀d฀ a  ฀s฀e฀r i฀e฀s฀ o฀f  m o r฀p฀h฀o฀l฀o฀g฀i฀c฀a฀l฀ 
฀f฀a฀c฀t฀o฀r฀s฀ ฀s u c h  a t h฀e฀ ฀e฀x฀i฀s฀t฀e฀n฀c฀e฀ o f  c o n s t฀a฀n฀t฀ d i s t a n฀c฀e฀s฀ b e t w e e฀n฀ ﬁ e l d  
฀l฀i฀m฀i฀t฀s฀ ฀r฀e l฀a฀t฀e฀d฀ t o฀ ฀a฀n฀c฀i฀e฀n฀t฀ m฀e฀a฀s฀u฀r฀e฀ u฀n฀i฀t s฀,฀ ฀i฀n฀t฀e฀r฀r฀e฀l฀a฀t฀i฀o฀n฀ b฀e฀t฀w฀e e
฀s฀t฀r฀u฀c฀t฀u฀r฀e฀s฀,฀ ฀o฀r฀ ฀c฀h฀a฀r฀a฀c฀t฀e฀r฀i฀s฀t฀i฀c฀ ฀m฀o฀r฀p฀h฀o฀l฀o฀g฀i฀e฀s฀.
฀S฀t฀r฀u฀c฀t฀u฀r฀e฀s฀ l฀o c a t e d฀ t h r฀o฀u฀g฀h฀ o l d  d฀o฀c฀u฀m฀e฀n฀t฀s฀,฀ ฀c a r฀t฀o g r฀a฀p฀h฀i฀c฀ ฀a n l฀y฀s i฀s
฀a฀n฀d฀ ฀e฀t฀h฀n฀o฀g฀r฀a฀p฀h฀i฀c฀ w o฀r k .  F฀i g .  3฀o฀f฀f฀e฀r฀s฀ a฀ ฀g฀o฀o฀d฀ e x a฀m฀p฀l฀e฀ ฀o f฀ o n฀e฀ ฀o฀f฀ 
฀t฀h฀o฀s฀e฀.
฀I฀n฀ t o฀t฀a฀l฀,฀ 8฀9฀1  p r฀e฀v฀i฀o฀u฀s฀l฀y฀ u n k n o฀w฀n฀ ฀f฀e a t u฀r฀e฀s฀ ฀o฀f฀ a r฀c฀h฀a฀e฀o฀l฀o฀g฀i฀c฀a฀l฀ ฀i n -
฀t฀e฀r฀e฀s฀t฀ ฀w฀e฀r e฀ d t฀e฀c฀t฀e฀d฀.฀ ฀T฀h s e  ฀c฀a฀n฀ b e฀ ฀b r฀o฀a฀d฀l฀y฀ c l฀a s s฀i฀ﬁ฀e฀d฀ ฀a s  m฀o฀u฀n฀d฀e฀d฀ 
฀o฀r฀ o฀u฀n฀d฀e฀d฀ ฀f e a t u฀r฀e฀s฀ ฀(฀3฀7฀7฀)฀,฀ r o a฀d฀ s t r฀e฀t฀c฀h฀e฀s฀ ( 4 4 6 ) ,฀ ฀e฀l฀e฀m฀e฀n฀t฀s฀ ฀o฀f฀ ﬁ e฀l฀d฀ 
฀s฀y฀s฀t฀e฀m฀s฀ (฀2฀2 )  a฀n฀d฀ ฀i s฀o฀l฀a฀t฀e฀d฀ ﬁ฀n฀d฀s฀ o f฀ ฀d i v฀e฀r฀s฀e฀ t฀y p s฀ ฀( 4 6 )฀ (฀s฀e฀e฀ F i฀g฀.฀ ฀8฀ f o฀r฀ ฀a฀ 
฀g฀e฀n฀e฀r฀a฀l฀ m a฀p฀ ฀o฀f฀ d e฀t฀e฀c฀t฀e฀d฀ ฀f฀e฀a฀t฀u฀r฀e฀s฀)฀.฀ T h i  p a p e฀r฀ f o c u฀s฀e฀s฀ ฀o n฀ ฀m฀o฀u฀n฀d฀e฀d฀ 
฀s฀i฀t฀e฀s฀ ฀a฀n฀d฀ ฀r o฀a฀d฀s฀,฀ ฀l฀e฀a฀v฀i฀n฀g฀ t h฀e฀ i฀n฀t฀e฀r฀p฀r฀e฀t฀a฀t฀i฀o฀n฀ ฀o฀f฀ t h e  ฀c฀o฀m m฀u฀n฀i฀c฀a฀t฀i฀o฀n฀ 
฀n e฀t฀w฀o฀r฀k฀ ฀a n d฀ ฀t฀h฀e฀ a฀n฀a฀l฀y฀s฀i฀s฀ o฀f฀ t h฀e฀ a r e฀a฀'฀s฀ ฀h฀i฀s฀t฀o฀r฀i฀c฀a฀l฀ m o฀r฀p฀h฀o฀l฀o฀g฀y฀ ฀f r  ฀a฀ 
฀s฀e฀c฀o฀n฀d฀ p h a s฀e฀ ฀o฀f฀ w฀o฀r฀k฀ i฀n฀ w h฀i฀c฀h฀ t฀h฀e฀ d e฀v฀e฀l฀o฀p฀m฀e฀n฀t฀ f฀ a r฀c฀h฀a฀e฀o฀l฀o฀g฀i฀c฀a฀l฀ 
฀s฀u฀r฀v฀e฀y฀ c a m p฀a฀i฀g฀n฀s฀ w i l l฀ ฀p฀r o฀v฀i฀d฀e฀ d a฀t a  t o  ฀i n฀f฀o฀r฀m฀ t฀h e฀ ฀h฀i฀s฀t฀o฀r฀i฀c฀a฀l฀ i฀n t e r฀-
฀p฀r฀e฀t฀a฀t฀i฀o฀n฀ ฀o฀f฀ ฀t฀h฀e฀ ฀d฀e฀t฀e฀c฀t฀e฀d฀ ฀f฀e฀a฀t฀u฀r฀e฀s฀.
O฀u฀r฀ r e฀s฀u฀l฀t฀s฀ ฀p฀r฀o v e฀ t h a t฀ t฀h฀e฀ K฀a฀m฀b฀o฀s฀ ฀a฀r฀e฀a฀ p r฀e฀s฀e฀r฀v฀e฀s฀ a  ฀m u c h  ฀r฀i฀c฀h฀e฀r฀,฀ 
฀d฀e฀n e r  ฀a฀n d฀m o r฀e฀ d i v฀e฀r฀s฀e฀ ฀n฀e฀t฀w฀o฀r฀k฀ ฀o฀f  m฀a฀g฀o฀u฀l฀e฀s฀ ฀a฀n฀d  ฀t฀o฀m฀b฀s฀ t฀h฀a฀n฀ 
฀p฀r฀e฀v฀i฀o฀u฀s฀l฀y฀ ฀t฀h฀o฀u฀g฀h฀t฀.฀ ฀I฀t  i฀s  ฀i n฀d฀i฀c฀a฀t฀i฀v฀e฀ ฀t฀h฀a฀t฀ ฀t h e  I฀G฀E฀A฀N฀ ( 2฀0฀1฀5฀)฀ 
a฀r c h฀a฀e฀o฀l฀o฀g฀i฀c฀a฀l฀ ฀s฀i฀t฀e฀ i n v฀e฀n฀t฀o฀r฀y฀ r฀e p o r t฀e฀d฀ ฀ﬁ฀f฀t฀y฀ d o฀c฀u฀m฀e฀n฀t฀e฀d฀ ฀N฀e฀o l฀i฀t h฀i฀c฀ 
฀m g o฀u฀l฀e s฀ ฀i n  ฀t h฀e฀ K a r฀d฀i฀t s฀a฀ p r฀e฀f฀e฀c฀t฀u฀r฀e฀.฀ ฀O฀n฀l฀y฀ ฀t฀w o฀ o f  t h o฀s฀e฀ ฀a฀r฀e฀ l฀o฀c฀a฀t฀e฀d฀ 
i n  t h e฀ ฀K฀a฀m฀b฀o฀s฀ ฀s฀u฀b฀-฀m฀u฀n฀i฀c฀i฀p฀a฀l฀ t .  ฀P r e฀l i฀m฀i฀n฀a฀r฀y฀ ฀i฀d฀e฀n฀t฀iﬁ ca t i o n฀ o฀f฀ 3 7฀7฀ 
u n s p฀e c i฀ﬁ ed  m o฀u฀n฀d฀e฀d฀ ฀s i t฀e฀s฀ ฀i฀s฀ ฀t฀h฀u฀s฀ ฀a  ฀s u b -฀s฀t฀a฀n฀t฀i a฀l฀ i฀m p฀r o฀v฀e฀m฀e฀n฀t฀ o f฀ ฀o u฀r฀ 
k฀n o฀w฀l฀e฀d฀g฀e฀ ฀o฀f฀ ฀t฀h฀e฀ ฀c฀u฀l฀t฀u฀r฀a฀l฀ ฀r฀e฀c฀o฀r฀d฀ ฀o฀f฀ ฀t฀h฀e฀ ฀a฀r฀e฀a฀.
฀C฀o฀m฀p฀a฀r฀i฀s฀o฀n฀ o f  t h e  ฀a฀n฀a฀l฀y฀s฀i฀s฀ r e s u฀l t฀s฀ w i t h  ฀t฀h฀e฀ m฀o฀d฀e฀r฀n฀ ฀K฀t฀i฀m฀a฀t฀o฀l฀o฀-฀g฀i฀o฀ 
฀o฀r฀t฀h฀o฀i฀m฀a฀g฀e฀s฀ a n d  ฀a฀v฀a฀i l a฀b฀l฀e฀ ฀a฀r฀c฀h a e฀o฀l฀o฀g฀i฀c฀a฀l฀ ฀s฀i t e  i n v฀e n t o r฀y฀ ฀s฀h฀o w e d฀ t฀h฀a฀t฀ 
฀v e r฀y฀ f e w฀ o f฀ t฀h฀e฀ m a฀g฀o฀u฀l฀e฀s฀ ฀a฀n d  ฀t฀o฀m฀b฀s฀ ฀d฀e฀t฀e฀c฀t฀e฀d฀ ฀a฀r e  ฀p฀r฀e฀s฀e฀n฀t฀l฀y฀ 
฀p฀r฀e฀s฀e฀r฀v฀e฀d฀.฀ I n  s e฀v e r฀a฀l฀ c a s e s฀ ฀t h฀e฀ D S฀M฀s฀ w e r฀e฀ a b l฀e฀ ฀t฀o฀ r e฀c฀o฀n฀s฀t฀r฀u฀c฀t฀ ฀t h e฀ 
฀t฀o฀p฀o g r a p฀h฀y฀ ฀o฀f฀ i n v i s i b l e  o r  p a r t l฀y฀-฀ﬂ a฀t฀t฀e฀n฀e฀d฀ ฀f฀e฀a฀t฀u฀r฀e฀s฀ ฀(฀F฀i฀g฀s฀.฀ ฀7฀ ฀a฀n฀d฀ 9฀) .
)LJ 5HVXOWVRI WKHSKRWRLQWHUSUHWDWLRQDQGDUFKDHRPRUSKRORJLFDO DQDO\VLV
, ? ?KƌĞŶŐŽĞƚĂů ? ?:ŽƵƌŶĂůŽĨƌĐŚĂĞŽůŽŐŝĐĂů ^ĐŝĞŶĐĞ  ? ? ? ? ? ? ? ? ? ? ?  ? ? ?
฀-
฀-฀?฀฀
7KH\ SURYLGH WKHUHIRUH D KLJKO\ UHOLDEOH FRXQWHUSDUW WR WKH YLVXDO
LGHQWL¿FDWLRQSURYLGHGE\WKHPXOWLWHPSRUDOLPDJHDQGWKHDQG
WKHDHULDOVHULHVRUWKRSKRWRPRVDLFV0RUHLPSRUWDQWO\WKH'
UHFRQVWUXFWLRQRIWKHWRSRJUDSK\RIWKHVWXG\DUHDDVLWZDVLQ
DOORZHG WKH GHWHFWLRQ RI PDJRXOHV DQG WRPEV QRW LGHQWL¿HG E\ WKH
DHULDOSKRWRJUDSKV
YLVXDOSKRWRLQWHUSUHWDWLRQSURFHVV,QLWLDOJURXQG
FKHFNV VHHP WR YHULI\ WKH UHVXOWV RI WKH ODQGVFDSH DQDO\VLV 2QO\
QLQHWHHQ RI WKH ÀDWWHQHG VLWHV GHWHFWHG WKURXJK WKH DQDO\VLV KDYH
EHHQ YLVLWHG VR IDU .UDKWRSRXORX HW DO LQ SUHSDUDWLRQ 7KH\ DOO
SUHVHUYH VXUIDFH DUFKDHRORJLFDO PDWHULDO WKXV FRQ¿UPLQJ WKH KXJH
SRWHQWLDORIWKLVPHWKRGRORJ\
2XU UHVXOWV KDYH JRQH EH\RQG WKH VLPSOH LGHQWL¿FDWLRQ RI
PDJRXOHV DQG WRPEV 7KH FRPELQDWLRQ RI WKH GHWHFWHG DUFKDHR
ORJLFDO IHDWXUHV ZLWK WKH UHVXOWV RI DUFKDHRPRUSKRORJLFDO DQDO\VLV
DQG WKH DYDLODEOH DUFKDHRORJLFDO GDWD SURYLGHG PHDQLQJIXO LQVLJKWV
LQWR WKH FKDUDFWHU RI PRXQGHG VLWHV DQG WKHLU FKURQRW\SRORJLFDO
DVFULSWLRQ 7KUHH PDLQ VXEW\SRORJLFDO JURXSV ZHUH GHWHFWHG 7KH
¿UVWJURXSLQFOXGHVODUJHPDJRXOHVLQPRVWFDVHVODUJHUWKDQP
LQ GLDPHWHU WKH ODUJHU H[DPSOHV UHDFKLQJ  P LQ GLDPHWHU ZLWK
URXQGHG PRUSKRORJ\ 7KHVH DUH LQWHUSUHWHG DV KDELWDWLRQ VLWHV
$UFKDHRPRUSKRORJLFDO DQDO\VLV VKRZV WKDW VRPH RI WKHVH DUH
ORFDWHG DW WKH FHQWUH RI UDGLDO URDG QHWZRUNV 7KH /DWH 1HROLWKLF
%URQ]H $JH VLWH RI .DUQRPDJRXOD VKRZQ LQ )LJ  RIIHUV D JRRG
H[DPSOHRI WKLV W\SHRIVHWWOHPHQW7KHIHZDGGLWLRQDOH[DPSOHVIRU
ZKLFKGDWHVDUHSUHVHQWO\ DYDLODEOH SRLQW WRD VLPLODU FKURQRORJLFDO
IUDPHZRUN 7KH VHFRQG JURXS LQYROYHV ODUJH PDJRXOD VHWWOHPHQWV
WKDW DUH MRLQHG E\ D ZHOOGHYHORSHG QHWZRUN RI UHODWLYHO\ VWUDLJKW
URDGVSHUKDSVLQGLFDWLQJVLPXOWDQHRXVRFFXSDWLRQ7KHIHZ
SUHVHQWO\ GDWHG H[DPSOHV LPSO\ D KLVWRULFDO WLPH IUDPHZRUN
&ODVVLFDOWR5RPDQSHULRG
7KHODVWVXEJURXSFRPSULVHVVPDOOHUPRXQGHGIHDWXUHVHP
LQGLDPHWHUZLWKDIHZODUJHUWKDQPWKDWOLHDORQJURDGVDUHQRW
VXUURXQGHG E\ UDGLDO KROORZ ZD\ V\VWHPV DQG VRPHWLPHV H[KLELW
VPDOO GHSUHVVLRQV DURXQG WKHP 7KHVH DUH LQWHUSUHWHG DV IXQHUDU\
VLWHV$YDLODEOHDUFKDHRORJLFDOGDWDIURPWKH.DPERVDUHDVKRZWKDW
WRPEVRIWKLVW\SHKDYHEHHQEXLOWIURPDWOHDVWWKH3URWR*HRPHWULF
WR WKH 5RPDQ SHULRG IURP WKH WKHWK FHQWXU\ %&( WR WKH WK
FHQWXU\ $' ,Q 3LHULD 0DFHGRQLD QRUWKHUQ *UHHFH FHPHWHULHV
GDWLQJ IURP WKH (DUO\ %URQ]H $JH  %&(
RQZDUGV DQG LVRODWHG WRPEV GDWLQJ WR WKH ODWH &ODVVLFDOHDUO\
+HOOHQLVWLFWKFHQWXU\%&(SHULRGZHUHDOVR ORFDWHGDORQJURDGV
%HVLRV   %HVLRV DQG $WKDQDVLDGRX  %HVLRV DQG
.UDKWRSRXORX  %HVLRV HW DO  ,Q WKH .DPERV FDVH
DVVRFLDWLRQZLWKH[FDYDWHGH[DPSOHVHJ,QW]HVLORJORX
 LQGLFDWHV WKDW WRPEV ZHUH SODFHG DORQJ URDGV VLQFH DW OHDVW
WKH 3URWR*HRPHWULF SHULRG WKWK FHQWXU\ %&( 6RPH RI WKH
WRPEVGHWHFWHGDUHVXUURXQGHGE\DQH[FDYDWHGGLWFK)LJWRPEV
  DQG  WRPE  DQG WR VRPH H[WHQW WRPE  VKRZ VPDOO
GHSUHVVLRQVDURXQG7KHHUHFWLRQRIWRPEVLQYROYHGGLJJLQJXSVRLO
DURXQGWKHP%HVLRVXQSXEOLVKHGGDWD7KHVRLOZDVWKHQSLOHGRQ
WRS WR FUHDWH WKH LPSUHVVLYH PRQXPHQWV WKDW RQFH OLWWHUHG WKH
QRZDGD\VÀDWDQGIHDWXUHOHVV.DPERVODQGVFDSH
7KLVSURMHFWKDVDOVRGHYHORSHGVXEW\SRORJLHVRIURDGVQDPHO\
SDYHG URDGVKROORZZD\VDQGGRXEOHGLWFKHG URDGV7KHVHEXULHG
IHDWXUHVZHUHSDUWLFXODUO\ YLVLEOHGXH WR WKHFRPELQDWLRQRI WKHLU
)LJ  7RSRJUDSKLF UHFRQVWUXFWLRQ RI WKH /DWH 1HROLWKLF%URQ]H $JH .DUQRPDJRXOD VRXWK RI WKH PRGHUQ YLOODJH RI 3WHORXSXOD ]RRPLPDJH RI WKH PDJRXOD LQ WKH ERWWRP ULJKWLPDJH
3KRWRLQWHUSUHWDWLRQIURPWKHVDHULDOV VXSHULPSRVHGRQ WKH.WLPDWRORJLRRUWKRSKRWRJUDSK LQ WKH WRSOHIW LPDJH
, ? ?KƌĞŶŐŽĞƚĂů ? ?:ŽƵƌŶĂůŽĨƌĐŚĂĞŽůŽŐŝĐĂů^ĐŝĞŶĐĞ  ? ? ? ? ? ? ? ? ? ? ?  ? ? ?
PRUSKRORJ\ DQG WKH JHRORJLFDO DQG K\GURORJLFDO FKDUDFWHULVWLFV RI
WKH .DUGLWVD SODLQ $ EXULHG IRUPDO SDYHG URDG LGHQWL¿HG E\ WKLV
SURMHFW PHDVXUHV XS  P LQ OHQJWK DQG OHDGV WR WKH &ODVVLFDO
+HOOHQLVWLF5RPDQVLWHRI.LHULRQ$QH[FDYDWHGVHJPHQWRIWKLVURDG
YHUL¿HVRXULQWHUSUHWDWLRQDQGLQGLFDWHVWKDWSDYHGURDGVZHUHLQXVH
DWOHDVWVLQFHWKHQGVWFHQWXU\%&(GXULQJWKH+HOOHQLVWLFSHULRG
,QW]HVLORJORX2QO\RQHH[DPSOHRIDGRXEOHGLWFKHGURDGKDV
EHHQ IRXQG LQ WKH DUHD ,W UXQV LQ VWUDLJKW VWUHWFKHV IRU  P
FURVVLQJ WKH QRUWKHUQ VHFWRU RI WKH VWXG\ DUHD IROORZLQJ D 11:
GLUHFWLRQ $OWKRXJK QR VHFXUH FKURQRORJLFDO DVFULSWLRQ FDQ EH
DVVXPHGDWWKHPRPHQWLWVUHODWLRQWR¿HOGV\VWHPVZLWKDGLVWDQFH
EHWZHHQ¿HOGOLPLWVFRUUHVSRQGLQJWRPXOWLSOHVRIKLVWRULFDOPHDVXUH
XQLWVZKLFKVHHPWREHDOLJQHGWRLWPLJKWRIIHUDSUHOLPLQDU\GDWLQJ
1HJDWLYH UHOLHI IHDWXUHV NQRZQ DV µVXQNHQ ODQHV¶ RU µKROORZ
ZD\V¶:LONLQVRQDUHDFRPPRQLQGLFDWLRQRIDQFLHQWLQIRUPDO
URDGV\VWHPV/LQHDUDQGUDGLDOKROORZZD\QHWZRUNVDUHZLGHVSUHDG
DQG H[FHSWLRQDOO\ ZHOO GRFXPHQWHG DW D YDULHW\ RI VFDOHV LQ WKH
0LGGOH(DVWHJ&DVDQD0HQ]HDQG8U:LONLQVRQHW
DO  ,Q 3LHULD QRUWKHUQ *UHHFH H[FDYDWHG OLQHDU H[DPSOHV
GDWHIURPWKH(DUO\%URQ]H$JHWRWKHWKFHQWXU\$'HJ%HVLRV
  %HVLRV DQG $WKDQDVLDGRX  %HVLRV DQG
.UDKWRSRXORX  %HVLRV HW DO  3HGRJHQLF H[SUHVVLRQ RI
WKH ¿OO RI D FXUUHQWO\ H[FDYDWHG KROORZ ZD\ LQ WKH .DPERV DUHD
VXJJHVWV WKDW WKLV SDWKZD\ ZDV XVHG GXULQJ SUHKLVWRULF WLPHV
&RPSOHWLRQRI WKHH[FDYDWLRQZLOOSURYLGHDPRUHVHFXUHDQGFORVH
FKURQRORJ\
 &RQFOXVLRQVDQGIXWXUHZRUN
7KLV SDSHU KDV KLJKOLJKWHG WKH HQRUPRXV SRWHQWLDO RI WKH
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